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GENERALIZED FLOOD-FREQUE NCY RELATIONSHIPS 1 
Ronald E. Hermanson2 and H oward P. Johnson3 
SUMMARY. Study of f 1 o o d dis ch a r g e records of about on , 
third of Iowa indicat es that flood flo w s in the stud) 
region are distributed in r easonable ac cord w ith th, 
lognormal distributi on. Th e lognormal distribution i 
rejected, howe ve r, for the p e ri od of r ecord of 7 of th, 
33 stream-gaging stations studied. Th e se rejection 
of lognormality ar e based on a method of testing fo 
normality that is more powerful than the Kolmogorov · 
Smirnov goodness of fit test which is commonly used 
Generalized relationships are presented for estimati n : 
th e parameters of the lognormal distribution at an· 
location wit hin the subject region. The mean annua 
flood can be evaluated from drainage area; and th, 
logarithmic standard deviation from stream slope . 
INTRODUCTION 
S e lection of the design discharge of hydraulic structures must includ, 
consideration of the r e lationship between the magnitude and the frequenc~ 
of occurrence of flood discharges. Knowledge of the flood-frequenc: 
relation is prerequisite to wise flood plain planning and zoning and th< 
establishment of sound premium rat es for flood insurance, if such in· 
surance is ever to become established. 
Methods of estimating the flood-frequency relation may be groupe< 
into two general classifications: 
1. ·methods based on an analysis of streamflow records, and 
2. methods based on an analysis of rainfall records and utilizing the 
relation of rainfall to runoff. 
A we akness of the latter technique is the difficulty of defining th< 
rainfall-runoff relation for the site under consideration. Furthermore 
the factors which determine the proportion of rainfall which appears ai 
runoff are dynamic and may b e considered as having a frequency r e latior 
nearly independent from that of rainfall. The frequency of a runoff even-
would then be considered to be the joint frequency of the generating rain· 
fall and the runoff-pr oducing factors. Johnson and Howe ( 1956) studiec 
the infiltration frequency relationship for Ralston Cre ek n ear Iowa City 
1 Journal Paper No . J-5251 of the Iowa Agricultural and HomeEconomicE 
E xperiment Station, Ames, Iowa. Project No. 1266. 
2 Formerly, Research Associate, Agricultural Engineer ing, Iowa StatE 
University, Ames, Iow a. 
Professor of Agricultural Engineering, Iowa State University, Ames , 
Iowa. 
248 HERMANSON and JOHNSON 
Iowa, in 1956. Howe and Warnock ( 1960) extended these studies and pre-
sented a synthetic runoff-frequency relation develope d by plotting runoff 
versus the joint frequency of rainfall and infiltration. For example, a 
certain runoff may have been caused by a rainfall and a runoff condition 
each having an independent 10% probability of occurrence-yielding a l7/0 
chance runoff. The synthetic frequency relation agreed fairly well with 
the actual relation based on the observed runoff record. Accepted prac-
tice in the application of the rainfall-runoff method, however, assumes 
that the frequency of runoff is the same as the frequency of rainfall. It 
is evident that this is an unlikely situation. 
The method presented herein for estimating the rflood-frequency rela -
tion for an ungaged site is based on an analysis of streamflow records, 
so as to avoid the problems inherent in the rainfall-runoff technique . 
This assumes that the flood regime is essentially constant with respect 
to time and man's activities. 
DESCRIPTION OF REGION STUDIED 
The area selected for this study of Iowa floods il!llcludes the Wapsi-
pinicon, Cedar, Iowa, and Skunk River basins, comprising about 35% of 
the area of Iowa (Fig. I). 
This region was selected because it has a relatively long period of 
streamflow records and a great range in watershed sizes. 
Characteristic of all Iowa streams draining into the Mississippi River, 
these streams flow in a general course from northwest to southeast. The 
watersheds are generally long and narrow with somewhat parallel lateral 
boundaries. The flood-producing characteristics of the region are tied 
closely to its glacial history. Topography ranges from the relatively 
flat plains of the late Wis cons in glacial drift ( Cary-Mankato substages) 
in the northwestern part of the region, to the well-drained and ne arly 
geologically mature Illinoian drift areas in the southeastern part . 
STATION FLOOD-FREQUENCY ANALYSIS 
Selection of Flood Records 
The flood data used herein are primarily from the records collected 
by the U.S. Geological Survey and published in its water-supply papers . 
The location and other pertinent information about the stream- gaging 
stations are also given therein. Only annual floods are considered; t h at 
is, the .annual maximum instantaneous discharge in cubic feet per second 
(cfs). · To utilize as much information as possible, and at the same time 
eliminate very short records, an arbitrary lower limit of 10 years of 
record .is employed. The 33 gaging stations selected are located on Fig. 
1 and identified in Table 1. 
Sometimes long-time residents of an area have knowledge of a large 
flood which predates the official period of record and which is known to 
be the largest, or perhaps the second-largest, flood that can be recalled. 
Newspaper accounts of major floods and a variety of other sources also 
offer such information. Such historical floods, their magnitudes esti -
mated by the U.S. Geological Survey, are •included in this study . 
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Table 1. Stream-gaging station descriptions and hydrologic characteristics 0 
Mean Mean Feb. 
Drainage Stream Stream annual temp. 
area, length, slope, precip., below 32, 
Gaging Station sq. miles miles ft./mile inches OF 
1 Wapsipinicon River at Independence 1,048 99.2 3.444 31.64 11.06 
2 Wapsipinicon River near DeWitt 2,330 223.2 2.656 32.62 9.04 ~ 
M 
3 Iowa River at Marshalltown 1,564 128.3 2.754 30.67 9.93 ;:d 
~ 
4 Iowa River at Belle Plaine 2,455 168.5 2.576 31.45 9.05 ► z 
Cfl 
5 Iowa River at Iowa City 3,271 243.1 2.472 31.82 8.42 0 
z 
6 Iowa River at Wapello 12,499 324.5 2.091 31. 72 9.16 Ill 
;::i 
0... 
7 Timber Creek near Marshalltown 118 19.5 8.255 32.23 7.70 y 
0 
8 Richland Creek near Haven 56.1 16.2 7.419 33.00 7.30 ~ 
z 
Cfl 
9 Salt Creek near Elberon 201 24.5 6.703 33.00 7.80 0 
z 
10 Walnut Creek near Har twick 70.9 18.2 7.810 33.00 7.20 
11 Bear Creek at Ladora 189 34.9 4.794 32.94 6.80 
12 Rapid Creek near Iowa City 24.6 8.4 10.145 33.10 6.20 
13 Clear Creek near Coralville 98.1 23.3 4. 972 32.57 6.40 
14 Ralston Creek at Iowa City 3.01 4.3 27.301 32.70 6.10 
15 English River at Kalona 573 63.9 4.484 32.29 6.17 
Table 1. Continued 
Mean Mean Feb. 
Drainage Stream Stream annual temp. 
area, length, slope, precip., below 32, 
Gaging Station sq. miles miles ft./mile inches OF 
16 Cedar River at Janesville 1,661 132 .1 3.068 31.18 12.36 
17 Cedar River at Waterloo 5,146 151. 9 2. 985 31.01 11. 75 t-zj 
t-< 
18 Cedar River at Cedar Rapids 6,510 227.2 2.342 31.42 10.95 0 0 
19 Cedar River near Conesville 7,785 300.l 2.084 31. 63 10 . 28 tJ I 
t-zj 
20 Little Cedar River near Ionia 306 64.8 4.815 31. 05 12.08 ::0 M 
20A Shell Rock River near Northwood 300 35.0 3.042 31.00 13.30 0 C! 
M 
21 Shell Rock River at Marble Rock 1,318 77. 3 4.138 30.64 12.53 z 
0 
22 Shell Rock River at Shell Rock 1,746 108.0 3.876 30. 77 12.16 ~ 
::0 
23 Winnebago River at Mason City 526 70.6 2.703 30.61 12.40 M 
I:"" 
24 West Fork Cedar River at Finchford 846 65.4 4.338 30.82 11.04 :i:,. f--3 
H 
25 Beaver Creek at New Hartford 347 40.4 7.590 31.31 9.90 0 
z 
26 Black Hawk Creek at Hudson 303 28.2 4~882 31.75 9.35 (/) ;r: 
H 
27 Skunk River near Ames 315 40.9 7.318 30.44 8.50 ,:J (/) 
28 Skunk River below Squaw Creek near Ames 556 46.2 6.839 30.55 8.35 
29 Skunk River near Oskaloosa 1,635 120.9 3.147 31.44 7.58 
30 Skunk River at Coppock 2,916 180.5 2.343 32.01 6.86 
31 Skunk River at Augusta 4,303 236.0 1.806 32.70 5.98 
32 North Skunk River near Sigourney 730 86.2 3.558 32.62 6.51 N u, 
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F r e guency Distribution 
The first part of this study is concerned with the d e termination of the 
flo o,d-frequency relationship, that is, the cumulative frequency curve 4 , 
for each of the selected flood records. This is prer e quisite to the pri -
mary objective, the development of generalized relationships which will 
enable the estimation of flood-frequency curves at any site within the 
reg~on. 
The literatur e is replete with discussions of methods of determining 
th e flood-frequency relationship since the concept w as first introduced 
by Weston Fuller and Allen Hazen (1914). Thery is yet , however, no 
unanimity of opinion as to the best frequency distribution for such deter -
minations . Flood flows have been found to be distributed in reasonable 
accord with th e lognormal distribution (Ha zen , 1921; Beard , 1943, 1960). 
Although its application to annual floods has no theo r e tical basis, the use 
of this distribution has the a dvantage of relative simplicity. The log -
normal distribution is ther e f o re selected f or conside ration in this study. 
Lognormal Distribution Statistics 
The lognormal distribution is obtained simply by transforming the 
original annual floods to their logarithms, X, and applying the normal 
freguency function. Substituting the random sample best estimators of 
the mean and standard deviation for their true population values, the 
normal frequency function may be written in th e standardized form 
p(Z) 1 e-z2/ 2 , 
(21r) 1/2 ( 1) 
where p(Z) = the probability of Z, 
z (X - X)/s (2) 
X mean of the logarithms of a s e ries of annual floods, and 
s standard deviation of the logarithm of annual floods, 
The desired cumulative frequency function is the probability integral; 
that is, the integral of p(Z). Integrated from Z to infinity, it gives the 
cumulative probability of a larger value P(Z). Since this function cannot 
readily be integrated, tables (Pearson and Hartley, 1954), Table 1) of 
P(Z) as a function of Z are used. The probability integral P(Z) is then 
eq4i valent to the desired P(X), 
Thus it is seen that a lognormal distribution is specified by the two 
parameters, mean and standard deviation. D ete rmined according to 
standard statistical formulas these are 
1 n X L, X. and 
n i=l l. 
(3) 
2 1 n xZ s 
n-1 i'h l I 
(4) 
4 Hereafter termed simply frequency curve. 
where n 
X· l 
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the number of annual floods, and 
Xi - X, the deviation of an event from the mean. 
25: 
There are two additional parameters, skewness and kurtosis , which a rE 
of value in testing for departure from normality. S kewness measure~ 
the symmetry of the frequency distribution of the data, zero skewnes~ 
indicating symmetry. Kurtosis measures the degree of peakedi,:iess oJ 
the frequency distribution; a value of zero, as determined herein, indi-
cating no departure from normality in this respect. Skewness is a func -
tion of the third moment about the mean, 
n 
(n-1) (n-2) s3 
n 
~ 
i=l 
(5) 
Kurtosis is measured by a function of the fourth moment about the mean 
n 4 n 2 
n fcn+l)l'. x. -3 (n-1)>: x./n] /(n-1) (n-2) (n-3) L' i=l 1.. i=l 1.. 
4 
s 
( 6) 
Whereas the moment ratio whi ch measures kurtosis has a normal value 
of 3, Eq. 6 is constructed to produce a value of zero, after the method 
of Sne decor ( 1956, p. 202 ). 
Including Historic Data 
The mean and standard deviation for stations having lar ge historic 
floods cannot be computed by the standard methods just given, inasmuch 
as these records constitute an 'incomplete sample. Allowance for the 
effect of historic floods would usually be made graphically by plotting 
them on the frequency curve according to the order of magnitude in whi ch 
they occurred, based on the e ntire historical p e r iod. The procedure 
used herein (U.S. D e pt. Army, Corps of Engineers, 1959) follows this 
general scheme, but the desired mean and standard deviation are deter-
mined .by computing the regression e quation of thes e plotted points. 
Plotting the Frequency_g~e 
Although not requisite to the mathematical determination of a fre-
quency curve, plotting the data is useful in visualizing the natur e of a 
sample of annual floods. Throughout the history of flood-frequency 
analy s is there has been much discussion of how to plot the data; that is, 
how to determine what is commonly termed the plotting position. D es -
pite continued study, there is no general agreement among hydrologists 
as to the most proper plotting position. The W eibull plotting position 
( 1939) is considered plausible and is used herein. 
p 
s 
100 m 
n t 1 
where Ps = the cumulative sample exceedance probability, or 
frequency in percent. 
(7) 
m = order number of an array of flood events with the largest 
ranked as l, and 
n = the number of years of record. 
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Plotted on the lognormal probability paper deve loped by Hazen ( 1 921) 
he flood-frequency relation is a straight line determined as follows . A 
·alue of X with probability P(X), say X(P), is estimated for a flood series 
ample from the standardized variate of the normal distribution , Eq . 2, 
. S 
X(P) = X + Z (P)s. (8) 
Talues of the unit normal variate, Z(P) , can be read from inverse nor-
nal tables (Pearson and Hartley, 1954). Substituting the values for the 
and 99% points of the cumulative frequency curve ~n Eq. 8 gives 
X(O. 01 , O. 99) = X ±. 2. 326s. ( 9) 
~hen by definition the estimated 1, 50, and 99110 exceedence probability 
loods, in cfs , are the antilogarithms of X(O . 01), X, and X(O . 99) , re -
,pectively. The mean ~nual flood, that is the 50% flood, is thus defined 
LS the antilogarithm of X and is symbolized by Om- It is recognized as 
h e geometric mean of the annual-flood s e ries . Since O(P) is the anti -
ogarithm of X(P), it is s ee n from Eq. 9 that 0(0.01) and 0(0. 99) could 
Llternatively be determined by respe ctively multiplying and di vi ding Om 
iy the antilogarithm of 2. 326s . With 3 points on the cumulative flood -
requency curve thus determined , the straight-line lognormal plot is 
!asily made. 
:;oodness of Fit and Skew Curves 
Examination of the flood-frequency curve for Station 31, the S 1<: unk 
Uver at Augusta, Iowa (Fig. 2) r evea ls a marked curvature (skewness) 
lf the plotted flood series of record. The final testing procedure used in 
he following goodness of fit analysis rejects the lognormal distribution 
·or this station, and others; c onsequently, a skew curve replaces the 
1ypothesized straight line. 
A nonparametric test, the Kolmogorov -Smirnov (Massey , 1 951 ) good-
1ess of fit test, was us e d in testing the agreement between the dist ribu-
.ion of the sample va l ues and the lognormal distribution. According to 
:he results of this test, it can be said with 95% confidence that the re is 
10 significant departure from the lognormal distribution in any of the 33 
1nnual-flood series. 
D espit e the apparent acceptance of the lognormal distribution , the 
.arge values of skewness of some of the flood series cast a reasonable 
ioubt on such a conclusion . G e ary and P ears on ( 1938) presented a method 
)f testing the significance of the departure of the sample skewness and 
<:urtosis functions from their expected values for a normal population. 
,i gnificant departure from zero indicates skwensss in the sample popula-
ion. Significant kurtos is is described thusly (Geary and Pearson, 193 8 ): 
1. the symmetrical platyku r tic distribution, fod!cated by g2 l ess than 
zero , has a flatter top and more abrupt terminals than the normal 
curve; and 
2. the symmetrical leptokurtic distribution, indicated by g2 greater 
than zero , is more peaked and has more extended tai l s than the 
normal curve. 
Based on this testing procedure , 5 stations indicate significant n egative 
3kewness at the 5% level and 5 stations evidenc e significant kurtosis of 
FLOOD-FREQ U E CY RELATIONSHIPS 255 
the l eptokurtic type. In i:otal , 7 stations show significant departure from 
normality . 
The methods of testing normality are seen to be in conflict. The 
Kolmogorov-Smitnov test for goodness of fit accepts the lognormal dis-
tribution t hrou ghout, whereas the Geary-Pearson tests reject lo gn or -
mality in 7 of the 33 cases. It is p erhaps sufficient to say that, since 
th e K o lmogorov -Smirnov test is a ge n e ral test, it must gua rd against all 
possibilities and cannot be particularly powerful in all aspects. The 
G eary -Pearson tests, on the other hand, are designed to t es t certain 
functions of the sample moments and are therefore more powerful in this 
regard. On this basis, significant skewness and kurtos is are c ons ider e d 
sufficient evidence of departure from normality, and for 7 of the stations 
the lo gnormal distributi o n is r eje cted , whe r eas it is accepted for th e 
remaining 2 6. 
Kurtosis does not appear to have been discussed in hydrologic lit e ra -
ture, and no method of plotting such curves has be e n developed. The 2 
stations having a symmetrical leptokurtic distribution (Stations 5 and 2 9) 
are therefore treated as if they were lo gno rmal. The r emainde r of the 
stations which are not lognormally distributed, Stations 6, 7, 18, 27 and 
21, ar e considered skew curves, and are so plotted according to the 
method of Foster (1924). 
For illustrative pu rposes , the flood - frequency curve for the Iowa 
River at Marshalltown, Iowa (Station 3), is presente d here as Fig. 3 . 
The 9511a confidence limits we r e calculated by the method of Thom ( 1964), 
which is based on the noncentral t - distribution. 
REGIO NAL ANALYSIS 
Th e primary objective of the study reported here is the developme nt 
of generalized regional relationships to enable the estimation of flood -
frequency curves at any site w ithin the subject region. 
The frequency curves of the preceding section represent what has 
happ e n ed at a particular site in the past, w hich r e cord is considered a 
sample of the total populati on of annual floods, past and future. The 
flood records, howeve r, are in general quit e short, with corresponding l y 
large sampling errors. An indi v idual gaging station record may thus 
deviate considerably from th e long - term flood - frequ e ncy relation. 
The method of regional analysis used herein is an attempt to reduce 
the large sampling errors of an individual flood record and to develop 
basic l ong-term regional relations . Estimates of the mean and standard 
deviation of short-term r e cords are adjusted to long-term conditions by 
correlation with adjacent long - term stations. By relating the frequency 
statistics to hydrologic factors through multiple regression techniques, 
generalized re l ationships applicable throughout the r eg ion are obtained. 
Correlation Adjustment of Fre quency Statistics 
Inasmuch as the lognormal distribution is acceptable for about 80% of 
the stations involved, it is selected as the frequency function generally 
applicable throughout the region. Thus the frequency statistics employed 
are the mean and the standard deviation of the logarithms of the annual-
flood series . 
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Before these frequ e ncy statistics are r elated to their causal hydro-
l ogic characte ri stics , their best e stimates must be obtained. Corre la-
ti on of shc, rt-t e rm stations with nearby long-term stations is propos e d 
as the method of obtaining these best esti mates . . The long-term stations, 
t e r med bas e stati on s , are selected w ith the aim of adjusting data t o th e 
longest possible common p e riod. Water years 1 915 - 63 we r e select e d as 
the base pe riod becaus e the re are four stations w hich can serve as bas e 
stations for thi s period , and they a r e a ll reasonably located i n the region. 
Since no methods of adjusting the skewness and kurtosis measures 
ar e know n, they ar e r eported in Table 2 exactly as calculated for the 
floods which occur r ed during the base p e riod. The G e ary-Pe arson skew -
n e ss and kurtosis t ests reject the lognormal distribution for 6 of the 33 
stations-one l es s than for the fu ll p eriod of record. All 6 of the se 
stations e xhibit s i gnifi cant n egati ve skewness , and 3 show significant 
kurtos is. 
C orre lation w ith data of othe r sites may b e used to improve es timates 
of the mean and standard deviation fo r a g i ven site; howeve r, good in-
formation can b e diluted by e stimate s based on p oo rly correlate d data 
(Fi erin g , 1963 ). 
One n e cessary ass umption fo r such a correlation adjus tme nt is that 
the log arithms of the annual fl oods are not autocorr e l ated. S eventeen of 
the 33 stations have significant first -order autocorr e lation (Hermanson, 
1964), based on Anderson' s (1 942 ) distribution of the serial correlation 
coefficie nt. An autocorre lated series of a certain length is roughly 
equi va l e nt to a p u r ely random series of shorte r l e n gth. Thus th e exi st -
ence of autocorrelation of the data does n ot ne g ate the correlation adjust-
ment, but rather r e nders it somewhat l es s reliable b ecause of an effec -
tively shorter period of record. 
The mean and stan dard deviation of a series of annual-flood loga-
rithms observed at a given station may b e adjusted by correlation to 
reflect the additional informat ion in the l o n ger r e cord of an adjacent 
station by the method of Beard ( U . S. D ept. Army, C orps of Engineers, 
1962). His equations are 
_, _, 
-x) rs 1/s 2 Xl Xl + (X2 and (10) 2 
'2 2 t '2 2 2 2 2 ( 11) sl sl (s 2 - s2) r sl /s 2 , 
where the subscripts 1 and 2 refer, respe ctive l y , to the short- and long -
term stations. The primes denote long - te rm values as observed for 
station 2 and estimated by these equations for station 1. The coefficient 
of corr e lation, r, must be determined for the concurrent period of r e -
cord of the stations; that is, the p e riod of record of station 1 . Beard 
expr e ss es the r eliabilit y of an adjusted mean in terms of the e quiva l e nt 
l e n gth of record whi ch would be required for an equally reliable unad-
justed mean. H e based the follow ing approximate equation on the vari-
ance of . an adjusted m e an which has b e en discussed by Matalas and 
Langbein ( 1 962): 
(12) 
Sta-
tion 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
Table 2. Frequency statistics adjusted to 1915-63 per iod by correlation with long-term sta tions 
Mean 
annual 
flood 
{cfs) 
5,672 
8,845 
7,794 
9,385 
10,701 
34,358 
2,094 
1,317 
5,008 
1,917 
4,188 
1,437 
Mean 
log of 
annual 
floods 
3.75372 
3.94670 
3.89176 
3. 97242 
4.01386 
4.52109 
3.32103 
3.11970 
3. 69963 
3.28265 
3.62202 
3.15 738 
Standard 
deviation 
of log of 
annual 
floods 
0.41047 
0.26576 
0.30370 
0.29287 
0.29825 
0.27463 
0.43179 
0.29021 
0.36751 
0.28851 
0.24222 
0.34323 
Skewness 
-0.473 
-0.149 
-0.312 
-0.236 
-0.632a 
-l.071b 
- 1. 773c 
-0.464 
0.657 
-0.106 
-0. 590 
-0.626 
aSignificant at 5 percent level. 
bSignificant at 1 percent level. 
Length of r ecord 
Adjusted 
Observed equivalent 
Kurtosis {years) {years) 
Adjusted 
by 
correlation 
with 
station 
Cor relation 
coefficient 
for 
adjustment a 
0.038 
0.003 
0.022 
0.014 
0.024 
0.017 
0 . 166 
-8.001 
0.044 
- 0.008 
-0.000 
0 .03 7 
31 
29 
44 
25 
49 
43 
14 
14 
19 
14 
18 
26 
37 
42 
47 
42 
2 
5 
5 
3 
0.811 
0.874 
0. 796 
0.934 
Base station, no adjustment 
Unadjusted, due to long record 
20 
19 
25 
18 
29 
34 
3 
3 
3 
11 
3 
14 
0.687 
0.631 
0.664 
0.667 
0.789 
0.830 
cSkewness, significant at 1 percent level, by extrapolation. 
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Table 2. Continued N u, 
00 
Standard Adjusted 
Mean Mean deviation Length ,of record by Correlation 
annual log of of log of Adjusted correlation coefficient 
Sta- flood annual annual Observed equivalent with for 
tion {cfs) floods floods Skewness Kurtosis {years) {years) station adjustment a 
13 1,522 3.18249 0. 32813 -0.035 0.010 11 17 14 0.741 
14 384 2.58419 0.35981 -0.468 0.045 39 Base station, no adjustment 
15 5,247 3. 71987 0.30812 -0.082 -0 . 008 25 33 5 0. 715 ~ 
M 
16 9,354 3.97099 0.33965 -0.476 0.037 41 46 18 0.796 :::0 ~ 
17 19,286 4.28524 0.32003 -0.673 0.026 25 47 18 0.979 ► 
'Z 
(fJ 
18 22,249 4.34095 0.31374 -0.547 0.024 49 Base station, no adjustment 0 
'Z 
19 22,256 4.34745 0.28946 -0.631 0.017 25 47 18 0.978 p., :_j 
0-
20 3,097 3 . 49100 0.29862 0.266 0.016 10 35 16 0.961 y 
0 
20A 1,066 3.02795 0 .20957 1. 202 0.011 18 28 23 0.835 ~ 
'Z 
(fJ 
21 8,189 3.91323 0.25170 -0.245 -0.001 20 31 23 0.876 0 
'Z 
22 8,199 3. 91376 0.34730 0.062 0.023 11 26 16 0.884 
23 3,006 3.47805 0.28555 - 0 .130 0 . 010 31 38 1 6 o. 773 
24 4,181 3.62133 0.39751 -0.590 0.145 19 34 16 0.875 
25 2,826 3. 45113 0.46322 -0.757 0.235 18 22 24 0.652 
26 2,456 3.39029 0.36943 -0.164 0.039 12 14 24 0.555 
Table 2. Continued 
Standard Adjusted 
Mean Mean deviation Length of record by Correlation 
annual log of of log of Adjusted correlation coefficient 
Sta- flood annual annual Observed equivalent with for 
tion (cfs) floods floods Sk ewness Kurtosis (years) (years) station adjustment a 
27 2,678 3.42784 0.28505 -0.859a 0.024d 38 41 3 0.674 
28 4,247 3. 62811 0.24997 -1.365 0.041 12 31 27 0 . 933 
29 7,652 3.88379 0.31676 -1. 907b o.055e 19 32 31 0.819 
30 11,461 4.05924 0.32455 -0.569 0.025 36 45 31 0.874 
31 18,517 4.26913 0.25409 -1. 375b 0.022e 49 Base station, no adjustment 
32 5,878 3.76926 0. 33119 -0.434 0.040 19 36 31 0.886 
dLeptokurtic, significant at 5 percent level. 
eLeptokurtic, significant at 1 percent level. 
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The estimated population correlation coefficient, r, is g i ve n by Beard 
(1962) as 
-2 
r 1 - 2 (1 - r )(n1 - l) / (n 1 - 2). ( 13) 
Fi e ring ( 1 963 ), in his study of the use of correlation in improving 
estimate s of the mean and standard deviat i on, tabulated solutions for 
judging the r e lative gain in information as functions of the l ength of 
records of the short- and l ong -term stations and the coeffi ci ent of cor-
relation. The base stati on used in adjusting e ach record is one w hich 
might lo gi c a lly corr e late and further meets the tabled requirements of 
Fi e ring in regard to correlation sufficie nt to produce a real gain in r e la-
ti ve information. The adjusted mean , standard deviation, and equi valent 
l ength of r eco rd determine d by Eqs . 10, 11, 12 and 13 for the base period 
ar e recorde d in Table 2. 
An exampl e of the frequency curve for the p e riod of record and the 
curve adjuste d to the 1915- 63 base period is shown in Fig. 4 for the 
Wapsipinicon River near D eWitt , Iowa. 
Multiple Regress i on Studi es 
With th e final estimates of the frequency statistics, mean and stand-
ard deviation, completed , attention is turned to r e lating the s e statistics 
to the p e rtine nt hydrologic factors. A multiplicative mode l is propos e d 
because hydrologic data are commonly found to be linea r in their lo ga-
rithms . 
The hydrologic characte ristic s inve stigated are drainage area, stre a m 
l ength , str e am slope, mean annual precipitation , and the deviation of 
mean February temperature below freezing . Mean annual pr e cipitation 
is admittedly a rough paramete r, but development of pre c i pitation data 
for e ach flood in the flood se ri es is beyond the scope of this study. The 
temperature deviation is included as a pas si ble measure of snow accum-
ulation, after the manner of Benson ( 19 62 ). Surface stor a ge in lakes is 
not ge n e rally p e rtinent in this region , therefore no sto rage parame ter is 
include d. These data a r e given in Table 1. 
Mean Annual Flood 
Examination of a plot of mean annual flo od ve rs us the intuitively most 
important factor, drainage ar e a, indicates two possible conclus ions: 
1. Station 20A, a low outlier, does not belong in this r egion; and 
2. the 8 stations w ith the smallest drainage areas ( 3.01 to 201 square 
miles) are on a line of th e same slope, but of a g r e ater intercept 
then the remaining stations. 
The fi rst conclusion is considered justi fied in that Station 20A has a 
rive r basin with more sto rage than is normal in this region. It should 
mor e l ogically b e included in a suitable r egion of southern Minnesota, 
and is therefore excluded from further study. Logi c for the s e cond con-
clusion is more obscure . St ati ons 7-14 ar e all tributaries of the Iowa 
River located in the same ge n e ral area. The common bond differentiat-
ing them from the remaining 24 stations may be that they are primarily 
in the Kansan drift area, an ar e a of comparative ly higher runoff, w here-
as the other streams are locate d wholly or partially in other geologic 
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areas . This same int e rc e pt shift is apparent in plots of mean annual 
flood ve rsus e ach of the r emaining geomorphic characteristics. 
As would be exp ected, draina ge area is both statistically significant 
and the most important geomorphic factor influe ncing the mean annual 
flood. Stre am slope in fee t / mile, dete rmined according to the method 
used by B e nson (19 62) as the straight-line main channel slope between 
po i nts upstrea~ from the point of inte rest distances of 8 5 and 10-70 of the 
stream length, is not statistica Uy significant. Stream l e ngth in miles 
measured along the main stream from the p o int of interest to the water -
shed divide is also not a statistically significant pa r ameter in predicting 
th e mean a!lnual flood . Hermanson (1964) fou nd that stream length and 
stream slope are corr e lated and that each corr e lates individu ally w ith 
draina ge area w ith squared coefficients of c o rr e lation of about O. 9. Thus 
it is not surprix in g that, once drainage area is included, there is no sig-
nificant gain from ad.di n g stream l e n gth and stream slope . The meteoro-
lo gical characteristics (me an annu al precipitation and mean February 
t emp e rature d e parture be low freezing) are al.so not statistically signifi-
cant. 
The mean annual flood pr e diction equations for the two subregions 
into w hich th e r egion w as d ivide d ar e : 
Stations 7-14 
0 = 120.4AO. 654 m 
r e maining 24 stations 
0 = 64 . 62A O. 654 m 
( 14) 
( 15) 
where Om is the mean annual flood in cfs and A is the drainage area in 
squar e miles. The expone nt on A is significant at l e ss than the 1% level, 
the squa r ed coeffici e nt of correlation is 0. 96 , and the standard error is 
15. 6% . These results are presented g raphically in Fig. 5. 
The exponents of A from s eparate regressions of Om on A for each 
of the two subregions ar e just significantly diffe rent at the 5% level, and 
th e ir er r or variances ar e significantly diffe r e nt at the 1% level. Despite 
the s e negative statistical t est r esults, no reason is seen for differing 
slope s of the regression lines. The data we r e the ref ore pooled and the 
regressions fit to a common slope. The data for S: ations 7-14 were 
given l ess we i ght in determining this common slope because their error 
variance is much larger than that of the remaining 24 stations. These 
data were weighted by the r e ciprocal of the square root of the error 
variances; that is, the r e cipr ocal of the squar e root of the F value used 
for testing homogeneity of the error variances. The dummy variable 
used to fit lines of constant slope and different intercept to the data is 
highly significant. Thus, the pr evi ous statement t hat Stations 7-14 are 
in an area of comparatively higher runoff from that of the rest of the 
region is verified statistically. S e parate r eg ression equations for the 
two subregions do not significantly reduce the residual mean square of 
the pooled and weighted data. Thus, the o v erall improvement from using 
the regre ssion equations determined for each subregi on s e parately is 
not statistically significant, and the common slope equations, 14 and 15, 
are considered satisfactory. 
FLOOD-FREQUENCY RELATIONSHIPS 26 : 
Standard Deviation of L ogarithms of Annual Floods 
In the regression of standard deviation on the same factors used fo 
mean annual flood, pre cipitation a nd the t emperatur e index ar e not sta· 
tistically significant. St andard deviation does not correlate with geo· 
morphic factors as well as does the mean annual flood; however, sub· 
division of the region according to common geomorphic characteristici 
does afford significant r eg r es sion for one group of stations. The station 
are grouped as follows: 
1. the 8 Iowa River tributaries (St ations 7-14), as before; 
2. Stations 20, 21, 23, 27, and 2 8 ; and 
3. the remaining 19 stations . 
Group 1, Stations 7-14, has be en dis cussed before. The v ariances o: 
this g roup are homogeneou s according to Bartle tt's test ( 1937) and, addi· 
tionally, the r eg ression of standard deviation on the geomorphic varia· 
bles is not statistically sig nificant. Therefore the pooled standard devi· 
ation, s = 0. 33676, is the best estimate for the subregion consi s ting o 
these stations. 
The 5 stations of Group 2 have certain characteristics in common 
They are all located in the upper reaches of th ei r respective stre amE 
and are in areas of geologically immature topog raphy. The watershedE 
of Stations 23, 27 and 28 are primarily in ~he late Wisconsin drift area 
and the watersheds of Stations 20 and 21 ar e partially in that area anc 
partially in the upper portion of the Iowan drift area. These watershedE 
are flatter and have more surface storage than is common to the re-
mainder of the region, which accounts for the ir lower s tandard devia-
tions. The variances of this group are also homogeneous, and there iE 
no significant regression. The pooled standard deviation, s = 0 . 27651 . 
is therefore the best estimate for the subregion compos ed of Stations 20 . 
2 1 , 2 3, 2 7 and 2 8. 
The variances of the r e maining 19 stations are n onhomogeneous, 
Individual regressions of standard deviation on drainage area, strearr. 
length, and stream slope are statistically significant (Table 3 ). TherE 
is no significant gain e ither by combining any two of the independen1 
variables, or by using all three. The best predictor of standard devia -
tion is stream slope, Eq. 16 given in Table 3 (Fig. 6). The regressior. 
equation, however, explains only a b out 6 <r/o of the variation in standarc 
deviation. But without investigating additional factors, Eq. 16 must bE 
acc epte d as yielding the best estimate of the standard deviation fo r thE 
subregion of these remaining 19 stations. 
Application of Results 
Problem. D etermine the lognormal flood-frequency r e lation fo r ·the 
C e dar River at a point abou t 1. 5 miles dow nstr e am from Vinton , Iowa. 
The drai nage area at this site is 6042 square miles, and the stre am 
slope i s 2. 71 feet per mile . 
Solution. Since this site is not in the subregion of Stations 7-14, Eq. 
15 is used to pre dict the mean annual flood. Furthermore, the site is 
located in the area comprising the 19 stations for which a significant 
regression was found for standard d eviati on. 
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Table 3 . Regre s sion equations for predicting s t andard devi-
ation of logarithms of annual floods 
Correlation Standard 
Eq . coefficient error in 
Equation a squared percent no . 
16 0 . 2160 S 0.359 0 . 69 9 . 0 s 
s 
17 s 0 . 7541L- O.l 74 0 . 59 10.5 
18 s 0 . 7009A- O.l0 2 0 . 48 11. 9 
Where : s standard deviation of logarithms of 
annual flood series. 
A drainage area in square miles . 
L stream length in miles as previously 
defined. 
Ss= stream slope in feet per mile as 
previously defined . 
aAll exponents are significant at less than the 
1 percent leve l . 
Ste p 1. Estimate the mean annual flood using E q. 15 , 
Om = 64 . 62(6042) o . 654 
In l oga rithmic form, 
X = 1. 81036 + 0 . 654 l og 6042 = 4 . 2 83 25. 
Then Om = antilog 4 . 2332 5 = 19 , 200 cfs. 
This value can also be read directly from Fig . 5. 
St ep 2 . Estimate the logarithmic standard deviation using Eq. 16. 
s = o. 2 160(2 . 71 )0 · 359 = o . 3090 . 
This v alue can also be read directly from Fig . 6. 
S tep 3. E v aluate the 1 and 99% probability floods using Eq. 9 . 
X(O. 01, O. 99) = 4 . 2 8325 ±_ 2. 326(0 . 3090 ). Then, 
X(0.01) = 5 . 0019 8 , and 
X(O. 99) = 3 . 56452 . 
By taking antilogarithms of these values of X, 
Q(O . 01) 100,000 cfs and 
Q ( O. 99) = 3670 cfs. 
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Step 4 . The complete l ognormal flood - frequency curve may now be 
obtained by plotting these values on l ognormal probabilit y pap e r 
as fo llows : 
A . 100,000 cfs at 1% , 
B . 1 9 , 200 cfs at 50% , and 
C. 3 , 670 cfs at 99T/o probability, the reby defining a straight 
line . 
S tep 5 . If only a single point on the frequency curve is desired, Eq . 8 
may be applied , w ith the prope r value of Z(P) obtained from 
tables such as those of P ea rson and Hartley ( 1 7, Table 4) . For 
e-l(ample, the 2 '1o chanc e flood is defined by -4',(0, 02) = 2 . 054 . 
X(0 . 02) = 4 . 28325 + 2. 054(0. 3090) = 4 . 91794 , thus 
Q(0. 02) = 82 , 800 cfs. 
As suggested previously, this value may alternative ly be deter -
mined by multiplying Om by the antilogarithm of Z (0. 02 )s, 
Q(0. 02)= 19 ,2 00 antilog : (2 . 054) (0. 3090)] = 82 , 800 cfs . 
CO N CLUSIONS 
Flood- frequency curves have been developed for 33 stream- gagin g 
stations in Iowa in a r egion comprising the Wapsipinicon , Iowa , C e dar , 
and Skunk River basins , G e n e rali zed relationships of the frequency sta -
tistics and geomorphic factors based on 32 of these stations have b ee n 
deve l oped to e nable estimation of the flo od - frequency curve a nywhere 
within the subject region . 
The following conclusions res u lt from this study and apply to the 
subject region . 
1. In general, the lo g normal distribution can be used to represent the 
frequency distribution of annual floods . 
2 . The mean annual flood can be predicted from the draina ge ar e a at 
a given location, 
3 . The logarithmic standard deviation can be estimate d from stream 
slope, In order, the n ext best p:":-edictors of standard deviation are 
stream length and drainage area . Two subregions we re found to 
have homoge n e ous standard deviations and therefore no signi ficant 
re g·res sion equation . 
4 . With the mean annual flood and the logarithm ic standard deviation 
es timated for a given site on the basis of the r e lationships pre -
sented , the flood - frequency curve can be con s tructed as a straight 
line on lo gnormal probability paper. 
Whe reas the specific results of this study can be applied with confi -
dence only to the subject r egion, the method of analysis should be useful 
in simi lar studies e ls ew here . The following are the genera l conclusions 
and r ecommendations. 
1. The Geary - P e ars on method of testing for normality (he re log -
normality) against alternatives that are skew or of peake dness 
other than normal indicat es significant departure from lo gnor -
mality for 7 of 33 flood records, but the Kolmogorov-S mirnov 
goodness of fit t est indicated no significance . On this basis the 
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Geary-Pearson method would seem to be the more powerful test. 
Rece nt empir ical stµdies by Shapiro and Wilk (1965) d emons trate 
that this is indeed the case. The G eary - Pearson test for norma -
lity is the refore recommended as a more powerful test than the 
Kolmogorov-Smirnov procedure . 
2. The possibi lity of autocor r elation of the annual flood series shoulc: 
be investigated and it should be recognized that flood - frequency 
statistics computed f r om an a utoco rrelated series are less re li abl 
than those of a purely random t ime series . 
3. Although the mean annual flood can be satisfactorily estimated 
from watershed characteristics , and meteorological characteris-
tics if n ecessary , further study shoul d b e made of the factors 
influencing t h e logarithmi c standard deviation. 
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K I NETICS OF THE OPE N , TRIC YCLI C SYSTEM 1 
Sam Aronoff 
D e partme nt of Biochemi stry and Biophysics 
I owa Stat e University 
of Sci ence and T e chnology 
Ames, I owa 
A BS TRACT . T h e g e n e r a 1 s o 1 u t i o n f o r a n o p e n , t r i c y c 1 i 
system is d eve l op e d in d e tai l. Its r e l ev anc e to th 
lin ea r systems and thei r corresponding closed system 
wh ich may b e derived from it, a r e sho w n to be re adil 
d e ducib l e from th e gene ral solution , du e regard bein 
given to initia l c ondit i ons . 
The open, tricyclic system (fig . 1) has been described previous l y a 
part of a n analysis of the ki n e tics of the e nzyme a c onitas e ( 1 ) . The out 
line of its analytic so l ution is described here in greater detail becaus 
of the gene r al utility of this model. 
In f i gu re 1, [AJ, [BJ and [ CJ r epre s e nt conc entrations of the corres 
ponding substances, whi ch may be interconvert ed at ve l ocities gi ven t 
the c onstants ki, j · In the open system, the external conce ntrations < 
A, B, and Care give n by A 0 , B 0 , and C 0 , w hil e the r's are first orde 
transport coe fficients . They are indicated as b e ing r eve rsible since th 
actual direction of transpo rt w ill depend u pon relative internal and e)< 
ternal conce ntrations. 
It is apparent that by omission of a set of ve l oci ty cons tants , e . g . 
k i, j, th e cyclic system may be transformed into a linea r one (fi g . 2 
d e scr ibe d previously b y D e nbi gh et al. (2). O m i ss i on of the transpo 1 
coe ffic i ents r e sults in the closed tricyclic system, fi g . 3a , whi l e th 
addi tional abs ence of one of the substances r e duces the system to th 
closed , two-compartment model, fig. 3b. 
The solution of the open, tricyclic system therefor e prov ides th 
solution to a number of common kinetic mode ls and is of appre ciabl 
uti l ity. 
1 Thi s resea rch w as started w hen the author w as a National Scienc 
Foundation S e nior P ostdoctoral F e llow , 1957- 8 , and completed uncle 
N .S. F . Grant GB-3 935 . 
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The time-dependent concentrations of A, B, and Care given 
Jy the set of differential eq uations: 
1) 
+ kca[C] 
:l[C] = r Co 
dt C + kca[A] 
For convenience the coefficients of the argument in corresponding 
iifferential equations will be designated as follows: 
Eqns. 1) may be made homogeneous by the use of difference 
concentrations, i.e., a = [A] - [A], S [B] - [B], and y = [C] [cJ, 
Nhere the barred quantities are steady state concentrations determined 
by the conditions, d[A, B, C]/dt = 0. Writing d[A]/dt in its 
~bbreviated form: 
2) • • • dd[A] = r A0 - X[A] + k [B] + k [C], t a -oa ca 
Chen, at the steady state, 
~) . . . 
;ubtracting 3) from 2) 
i) ••• dit] = x{[A]-[AJ} + ¾a {[B]-[B]} + kca {[c]-[c]} 
>ut under these circumstances; d[A]/dt = da/dt, so that 
be set now becom~s: 
) ) . . E£ = dt 
it 
dt 
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whose solut ion has t he roo t s Al , Az , A3 i n the matrix equation: 
X - A 
0 
Then 
6) 
Sin ce the various constants of t he system are non-ne gative, it may 
be shown that the A' s are r eal and positive and have val ues 
7) ••• 
and 
X <A2 < Z . 
Being linear equations with constant coefficients, the set of 
eqns. 2 can be solved by conventional means (3) to yie ld eqns . 8: 
I: e-A1t + J.J2 a e-A2 t + J.J - A3 t J.J~ a 3a e ' - A1 t - Az t - A3 t 8) J.Jl b e + J.J 2b e + J.J3b e , 
ly. e-A1 t + - A2 t - A3 t J.J le J.J2 b e + J.J3b e . 
The µ 's are constants which may be evaluated as follows. We 
take the time derivatives of a , S , and y in 8): 
- A. J.J . 
i ia 
i 1, 2 , 3 
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9) • 
~= 
- \ µib e - Ai t dt 
E.r. = 
- \ i-i ic 
e - Ai t 
dt 
We insert the values of a , S , and y of eqn. 8) into eqn . 5), 
for da /dt 
10) •.. da dt -
+ k 
ca 
(-Xµl a + k- baµl b + kcaµl c) e - A3t 
- Az t 
+ (- Xµ 2a + k-b aµl b + kcaµ 2c) e 
e - A3 t. 
Equating similar terms in 9) and 10), 
- Ai t ( k + k µ . ) e - Ai t lla) - Ai µia e = - Xµia + -baµib ca ic 
Similarly, 
llb) . . • µib 
llc) ... µic 
12b) . . . µic 
~aµib + kcaµic 
y - A. 
l 
Z - A. 
l 
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The constants are then evaluated by use of the boundary conditions, 
i.e., a = a at t = t etc. At t = t 
0 0 0 
(a 
i o µl a + \J zc + µ 3a 
13) i 
·?o µlb +. 
ly C µ le +. 
so that 
( 
1a0 µ la 
+ \Jz a + \.l 3a 
14) l 0 l \J l C + 0 z µZa + 0 3 µ 3a Yo s l \J la + sz\Jz a + s3 \J3 a 
where the o . 'sand s . 's are derived from the coefficients of the 
1- 1-
µi's in 12a,b). 
The value of µia is given by the matrix 
1 1 1 [:: 15). 0 1 oz 0 3 Sl s z s 3 
with the result that 
ao ( ozs3 - 03s z) - S
0
( s 3- sz ) + y
0
( 03 oz) 
\J la 
D 
S
0
s3- on
0 
- 6 1( aos3 yo ) + s1( aoo 3 s ) 
16). 0 \.l za 
D 
ozy
0
- S
0
sz - 6 1(Y 
0
- a
0
- sz ) + s 1( S
0
- a
0
oz) 
\.l 3a 
D 
where 
At the steady state d[A] = E_fil =ill.fl= 0. The steady state 
' dt dt dt 
concentrations A, B, Care found by evaluation of the matrix of eqn. 1) 
with the differentials equated to zero: 
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A B C 
- X kba k 
-raA•i ca 
17a) kab - y k -rbB o ac 
k k - z 
-r c0 '. ac be C 
Then, 
18) 
A= -raAo(YZ - kbckcb) + rbBo(-Zkba- kbckca) - rcCo(kbakcb + Ykca) 
D 
D 
-raAo(kabkbc + Ykac) + rbBo(-Xkbc - kbakac) - rcCo(XY - kabkac) 
C=--------------------------------
D 
Recalling the early substitution of a = A - A, etc. the set of 
equations describing the time-dependent concentrations of the open 
tricyclic system are: 
A= A+ µla - >- t - >- t 
- .>- t 
e 1 + µ2a e 2 + µ3 a e 3 
19) B = B + µlb - >- t e 1 + µ2 b - >- t e 2 + µ3 b 
- ,)_ t 
e 3 
C - - .>- t - .>- t - .>- t C + µle e 1 + µ2C e 2 + µ e 3 3c 
In the closed tricyclic system of fig. 3a, the transport 
coefficients are absent. From eqns. 18 it is apparent that the time-
independent terms A, B, and C vanish, so t hat in the closed system 
\ - .>- -t 
A = l µia e l 
20) . . . B 
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When a set of rate constants is missing, as in fig . 2 , then the gross 
structure of the solution remains as in eqns. 19), w ith the various terms 
corr e cted for the absence (in this cas e ) of ka, b · An important conditi on 
of cons e rvation in the cyclic system , i . e ., kabkbckca = kbakcbkac is no 
long e r mandatory in the linear system. From the applied point of view , 
the properties of overshoot and undershoot , absent in the former , may 
now exist in the latter. These arise from differences i n the signs of the 
µ's . D enbigh (2) has analyzed the argument for the line ar tricyclic sys -
tem, showing that th e 1-1-la , b , e's always have the same sign, opposite to 
that of µ 2 a, c' and fl3a, C' which are opposite to 1-1-2, 3b· In sum, these 
a How only one of the group : a. , 13 , or '{, to show both a maximum ( over -
shoot) and a minimum (unde rshoot) , The open , 2 - compartment mode l 
has b ee n described eve n more thoroughly , including conditions for false 
start. 
The closed, 2 - compartment mode l of fig . 3b results from omission 
of C, the velocity constants kb , C' kc , a leading to and from it, and the 
exte rnal sources . 
Here, X = kab' Y 
given by t he matrix 
21) . . . 
kba' and Z 0 . The roots of t he equation, 
0 
are degenerat e, i.e., Al = 0, as may be verified re adily, and 
A 2 = kab + kba " The general equat ions are then 
(A + - At 
22) . 
lB 
µ la µ 2ae 
µ lb + 
- At 
µ 2b e 
and the µ ' s may be determined by knowledge of the initial conditions, 
From this it may be shown that 
µ la [ ( A kab) Ao + kba B 0 )/ A 
23). llza (kabAo 
kba Bo)/ >.. 
µ lb [kabAo + (A - kb) BO ] / A 
JJ 2b (kabAo + kba B ) / A 0 
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LEGUMES OF ALASKA II: OXYTROPIS DC. 1 
Stanley L. Welsh2 
Iowa State University 
of Science and Technology 
Ames, Iowa 
ABSTRACT. The pap e r presents a revision of Oxytropis 
in Alaska and adjacent parts of Canada. Thirteen spe-
cies and ten infraspecific taxa are recognized. The 
treatment includes key.s, descriptions, synonymy, and 
c r it i c a 1 di s c u s s i on. N e w s p e c i e s: 0 x y t r o p i s k o bu k e n s i s 
Welsh. New combinations: Oxytropis arctica var. 
koyukukensis (Pors.) We lsh. 
OXYTROPIS DC. 
Oxytropis DC. Astragal. 24:77, 180 2. ~- ~· 
Aragallus Neck. Elem. l:12, 17 90. 
Spiesa Neck. Elem. l:13, 1790. 
Astragalus L. Sp . PL 7 55, 17 53. ~ pa rte. 
Plants perennial, herbaceous, acaulescent to short caulescent; l eaves 
alternate or basal , odd- pinnate; stipules mostly connate , adnate to the 
petiole; inflorescence a scapose raceme; flowers one to many , purplish, 
pinkish, yellowish , or whitish; the kee l-tip produced into a beak, macu-
late or immaculate; calyx-tube cylindric to campanulate, 5 -toothed; pod 
sessile to stipitate , straight, erect or reflexed, 2-loculed through intru-
sion of ventral suture to 1-loculed, several-seeded. 
KEY TO THE SPECIES 
1 a. Base of plant sheathed w ith reddish- brown or purplish brown 
stipules (2) 
1 b. Base of plant not reddish or purplish- brown; the stipules light 
tan or grayish, occasionally dark brown to black (purplish in 
Q_. kobukens is) (3) 
1 Journal Paper No . J-5397 of the Iow a Agricultural and Home Economics 
Experiment Station. Project No. 1073. The facilities of the Iowa State 
, Herbarium, supported by the Sciences and Humanities Research Insti-
tute, were used in the preparation of this paper. 
2 Visiting Associate Professor of Botany; Permanent address, Brigham 
Young University , Provo, Utah . 
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2a . Flowers ye llowish; inflores cence with more than five flowers; 
pod erect , not over three times as long as broad. Q. maydelliana 
2b. Flowers bright pink to pink - purple; inflor escence typi cally 
2 - to 3 - flower ed ; p ods spreading (reclining on the ground at 
maturity), usually at least thr ee times as long as broad . 
O. kokrinensis 
3a . L eaves simple or trifoliolate (rarely 5 - fo liolate ), the leaflets 
d ecurre nt or o bscurely articulated with the rachis . 
O. mertensiana 
3b . Leaves 5 - t o many - folio late , th e leaflets jointed t-;; the--;:achis (4) 
4a . Inflorescence 1 - to 5 - flo we red (rar e ly w ith more flowers in 
Q. arctica) ( 5) 
4b . Infloresce n ce 5 - to many - flowered ( 8 ) 
5a. Flowers usually rnore than 1 5 mm long; stipular margins b eset 
with clavate processes mixed with ciliae . Q. arctica 
5b. F lowers usually l ess than 1 5 mm long; stipular margin s w ith 
ciliae only (clavate processes rar ely present in Q. nigr es c ens ) 
( 6) 
6a . Flowe rs and pods elevat -o d above the ground; pods e r e ct, black-
pilose; stipules usually prominent ; glabrous dorsally , straw 
colored. O . scammaniana 
6b. Flowers and pods spreading; the peduncle weak and at length 
reclining on ground; pods spreading to ascending , glab rous to 
pilosulos e ; stipules various but not usually conspicuous (7) 
7a. Pods short , twice as long as w ide or l ess , g labr ous t o 
stri gose , 1-locul ed . O. huddles-:inii 
7b. Pods e longate, usually over three times long e r than wide; 
pilosulose (rare ly glabrous), 2 - loculed . Q. ~~resc e ns 
8a. Plants caulesce nt or subacaules cent; stipules shortly adnate to 
the p e tiole bas e ; pods p e ndulous; flo we rs usually less than 10 
( -1 2) mm l ong . Q. d e flexa 
8b. Plants acaulescent; stipu l es adnate to the p e tiol e bas e through 
half their length or mo r e; pods e r ect or spreading; flowers 
usually more than 10 mm l ong (9) 
9a . Plants glandular- viscid (at least to some degree); bracts 
g labr ous dorsally . 0. viscida 
9b . Plants eglandular; bracts pilose dorsally (10) 
10a . Flowers yellowish or whitish (the keel - tip maculate or 
immaculate) ( 11) 
10b. Flowers pinkish or purplish (12) 
ll a . F l owers 1 2 -17 (-1 8) mm long; stipular margins beset w ith 
clavate process es as we ll as cili ae; plants w idely dis tributed , 
possibl y the most c ommon species . Q, campestris 
11 b. Flowers mostly over 1 8 mm l ong; stipular margins ciliate 
only; plants from north e astern British Columbia and south -
eastern Yukon . O. sericea 
12a . Flowers usually over 16 mm long; stipular margins with 
clavate processes as well as ciliae (13) 
12b. Flowers less than 1 6 mm long; stipular margins ciliate only , 
or if clavate p:roc esses are present , then flowers l e ss than 
12 mm lon g (14) 
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13a. Stipules firm , purplish; leaflets not fascicled . O. kobukensi! 
13b. Stipules fragile, grayish or yellowish; leaflets all 
( or at least some) fascicled . Q_o arctic, 
1--la . Leaflets not fascicled; flowers mostly 10 or less . 
O . campestrii 
14b. Leaflets mostly fascicled; flowers mostly 2 5 or more . 
Q , ~endeni 
Plants caespitose, acaulescent from a branching caudex; leaves 4 - 2: 
cm long; leaflets 11 - many, 4 - 40 mn, long , 2 - 5 mm wide, lanceolate t 
elliptic or oblong, opposite, scattered , or fasciculate, variably pilos 
above and below with simple hairs; stipul es 10 - 20 mm l on g , connate 
pilose dorsally , becon,ing glabrate in age , adnate to the petiole, margin 
ciliate and beset with clavate processes; scapes 6 - 21 cm l ong , strigulos 
to spreading villous; racemes 2 - to many - flowered, bracts mostly longe 
than the pedicels, p~lose dorsally; flO\\ers 14 - 22 mm long , pi.nk - pu r pl, 
or rarely pale; calyx cylindrical, \illous w i th light and dark hairs; tub. 
5- 8. 7 mm long; teeth l . 5-6 mm long, linear l anceolate to triangu lar 
pod 10-25 mm long , ovoid - acuminate . 
Key to the varieties 
la . Flowers 2 - 8; plants less than 12 cm tall. var . arct ic ;; 
lb. Flowers 10 - many; plants mos t ly over 1 5 cm t a ll . var. ko y ukuke nsi~ 
Oxytro pis arctica R. Br . var . arcti c a 
Oxytropis arctica R . Br . Parry's First Voyage . Append. 278 . 182 4 . 
Oxytro pis arctica R. Br . a subumbellata Hook . Parry's Second 
Voyage . Append. i_:396 . 1825 . 
Ast r agalu s arct icus (R . Br . ) S pre n g . Sys t. .:!_: 288 . 182 7. 
O xytr op::s ura l ensis Ledeb. Fl. Ross • .!_: 594. 1842 . 
Spi.esa a r c tic a (R . Br . ) Kuntze Rev. Gen. 2 0 5 . 189 1. 
Aragallus arctic us (R . Br . ) Greene Pitton i a l: 21 1. 1897 . 
O xyt r o pis c oronaminis Fern. Rhodora 30 : 1 5 1. p l. 17 5. 1 928 . 
Astrag a lus coronaminis (Fern.) Tidcstr . P roc . Biol. S oc. Wash. 
50 : 19. 1 93 7. 
Specime n s from the entire range of Q. a rc t ica show broad variati o n 
Barneby ( 1 952) re c ognized some of this var i ation by extendin g the limit i 
of Q. arcti ca to include the seve r a l flowered Q, roal dii . Other s p e ci 
mens, mostly not available when Barne by made his revision , have ever 
wider variation. 
Specimens from the gravels of the Coville River near Umiat , frorr 
Anaktuvuk Pass and Valley , from Shaktoli k a n d from Northway ar e mos tl) 
tall plants with several- to many - flowered inflorescences . Po r sild (l 9 51 
designated such plants as Q. koy ukukensis . S pecimens from Umiat a n c 
from Anaktuvuk grade with the typical form of t he species , b ut the ex-
tremes a r e dist i n c t i ve . Thus , at present it seems best t o re c ognize th E 
tall, several-flowe r ed specimens in some t axonomic rank (s ee b e low ) , 
mo STANLEY L. WELSH 
A.s additional specimens of the arctica complex accumulate , the recog-
:iition of other infraspecific categories seems probable . 
Habitats as recorded on h e rbarium labels vary from sand dunes to 
::lry rock ridges and stream gravels. The plants flower from early July 
:o early August. 
Citations: ALASKA: Alaska-Yukon Boundary, junction of Firth R. 
rnd Mancha Cr.; Hulten s. n. (S). Arctic Sea Coast; Dr. Richardson 
:cH, holotype of 9. coronaminis Fern.). Arctic Coast District , Cape 
Beaufort; Hulten s. n. (BRY, S). Anaktuvuk Pass; Spetzman 1612 (IS C , 
, , US, somewhat intermediate between var. arctica and var. koyukuke n-
3is ). Baring Land; H. M. S. Investigator (S). Kurupa R. Valley; Hodgdon 
::_t ~l. 8068 (S). Kuskokwin River Drainage Basin; Drury 41 15 (S). Lake 
\Joluk; Thompson 1411 (DS, US). Meade R. Postoffice; Crum 2173 (DS, 
J S). Sheenj ek Valley; Mertie s. n. (S, US) . Teller; Walpole 1522, 1558 
:s, US). Umiat; Spetzman 2107 (S). 
CANADA: Banks Island; without collector , s. n. (S); Porsild 1772 3 
:s). Bernard Harbor; Johansen 321 b (US). Coronation Gulf; Cox and 
)'Neill 393 (S). Melville Island; Sabine~~- (S). 
) x ytropi.s arctica var. koyukukensis (Porsild) Welsh, comb. ~-
O xytropis koyukukensis Porsild Can. Field-Nat. 65:78. 1951. 
O xytropis E_oaldii_ Osten£. Christiana Vidensk. Selsk. Skr. 190 9 : ( 8) 
54, pl. 3. fig . 16. 1910 . ..E.!2 parte 
The specimens upon which this variety a re based vary considerably. 
fhey tend to be tall plants with several flowered racemes, but they ap-
)roach, if not actually pass into, variety arctica. Leaflet arrangement 
ranges from entirely pseudoverticillate to merely scattered. Plants of 
:he former nature have been the basis for most previous reports of 2· 
,plendens in Alaska. The range of var. koyukukensis is imperfectly 
cnown. The bulk of the specimens examined have been collected at 
Jmiat , Wiseman, or at Anaktuvuk Valley. Thes e three localities are 
relatively close. However, disjunct populations are known from such 
iiverse regions as Shaktolik and Northway. It is possible that plants 
:rom this latter location are adventive. 
Speci mens have been collected in flower from early June to late July. 
\.ugust specimens ar e in fruit. Habitats for var. koyukukensis include 
:leared areas in open fields, sand bars, gravel bars, and sandy t er races. 
Citati~~: ALASKA: Anaktuvuk River Valley; Chapmen and F e llows 7, 
l l, 13, 14 (US, paratypes of 9. koyukukensis Porsild). Anaktuvuk Pass; 
,tone s .n. (BRY, S) ; Spetzman 1779 (ISC,S). Northway Road ; Williams 
~22 (S) ; do 553 (BRY,S). Dolamnagavik R.; Chapman 94 (ISC). Shaktolik; 
\.nderson 3315 (S ). Umiat; Lindsay 2284 (DS, S, US); Spetzman 1384 (ISC, 
,); Hulten s.n. (BRY,S). Wiseman; Johnson s.n. (ALA,ISC); Jordall763 
)SC, S, isotype of Q_. koyukukensis Porsild); Jordal 203 5 (ISC, S, para-
:ype of 9 . koyukukensis Porsild) ; do 2170 (S). 
CANADA: Herschel Island; Lindstrom s. n. (S, i.sotype of O. roaJ.dii 
)stenf.). 
OXYTROPIS OF ALASKA 
Oxytropis campestris (L.) DC. (Map No. 2) 
Oxytropis campestris (L.) DC, Astrag. 74. 1802 
Astragalus campestris L. Sp. Pl. 7 61. 1753. 
2l 
Plants caespitose, acaulescent, from a branching caudex; leaves 5-; 
cm long; leaflets 11-45, 9-25 mm long, 3-8 mm wide, lance-elliptic 
oblong, opposite, scatter e d or verticillate, pilose above and belm 
stipules ovate to lanceolate, acuminate , connate, adnate to the petiole 
pilos e dorsally, the margins ciliate and beset with clavate processe 
scape 3. 5-36 cm long , villous; raceme 3-24 cm long, becoming la 
bracts narrowly lanceolate , longer than the pedicels, villous dorsall 
flowers 10-17 (-18) mm long, whitish, yellowish, or purplish tinge 
keel-tip maculate or immaculate; calyx cylindrical, villous with dai 
and light hairs, the tube 4. 5-7 mm long; teeth 1-3 mm long, triangula 
pod 8 -15 mm long, erect, sessile, pilos e , partially 2-loculed by intn 
sion of the funicular flang e (ventral suture). 
Key to the varieties 
1 a. Plants 10- to many-flowered; flowers mostly 12-17 mm long; 
leaflets 21-35 (- 45) . var. variar 
1 b. Plants usually less than 10-flowered; flowers 14 mm long 
or less; leaflets 9-17. var. jordal 
Oxytropis campestris var. jordalii (Porsild) Welsh L e afl. West. Bot. 
.!..Q:25. 1963. 
Oxytropis jordali.i Porsild Canad. Field-Nat. 65:77. 1951. 
This small but distinctive taxon is approached by diminutive speci 
mens of var. varians. Thes e latter specimens are almost always frm 
inhospitable sites, and can usually be distinguished on the basis of thei 
larger flowers (when l eaflet number is less than usual for var. varians 
The capitate to subcapitat e , few-flowered inflorescence is likewis 
characteristic of var. jordalii, but is not always useful as a definitiv 
feature. The range of the varieties overlaps in both Alaska and th 
Yukon. However, it seems evident from the relatively large sample , 
hand that they do not intergrade and that the diminutive forms in th 
varians complex r e present the products of ecological control. 
Plants from near the Alaska-Yukon boundary near the junction c 
Firth River and Mancha Creek have a purplish cast to the flowers an 
ar e reminis cent of var . terrae-nova (F ern.) Barneby from Labrador. 
Specimens have be e n collected in flower from late June to earl 
August. They occupy a variety of habitats from Heath Communities t 
ope n spruce woodlands and stream gravels . 
Citations: ALASKA: Alaska-Yukon Boundary, junction of Firth R. a : 
Mancha C~ Hulten s. n. (BRY,S); Stone 1153, 1293 (S). Anaktuvuk Pa 
Hulten s.n. (BRY,S). Beardslee; Anderson 1258 (S). Juneau Ice Field. 
Argus S-47 (ALA). Kurupa R. Valley; Hodgdon 8199 , 8497, 8499 (S). M 
Roberts (Juneau); Anderson 1493; Stonehouse s. n. (S). Lake Peters; 
Spetzman 806 (ISC,S). Lake Schrader; Spetzman 518 (ISC,S). Old Joh1 
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papillis magnis instructae, 3-7 mm longis; scapis foliis longioribus, 
5-6 £loris, corollis purpurascentibus, 16-18 mm longis; leguminibus 
immaturis, 17 mm longis, adscendentibus, pilosis, sessilibus, bilocu-
laribus. 
Perennial herb to 17 cm tall, acaules cent, arising from a branching 
caudex, the branches ascending to erect, 2-6 cm long; leaves 6-10 cm 
long; leaflets 13-17, 6-16 mm long, 2-3. 5 mm wide, lanceolate to lance-
oblong, rounded at the base, the apex obtuse to acute, strigose to pilose 
below, pilose to glabrate above, the margin involute ; stipules persistent, 
purplish, the margins scarious and ciliate (also bearing clavate proces-
ses), adnate to the petiole, pilose dorsally, somewhat glabrate on the 
free ends, rigid, the free ends long attenuate; scape 7-11 cm long, stri-
gose with appressed and spreading hairs; racemes 5- to 6-flowered; 
bracts lanceolate, pilose dorsally, ciliate and beset with clavate proces-
ses on the margin; flowers 16-18 mm long, purplish; calyx short-cylindric 
to campanulate, purplish, minutely strigulose with light and dark hairs; 
tube 6 mm long, teeth 1. 5-2 mm long, linear-lanceolate, the sinuses 
broad; immature legume 1 7 mm long (including the style), black pilose, 
bilocular or nearly so. 
Sand dunes, Kobuk River, across from the mouth of the Hunt River, 
R. D. Hamilton s. n. , 5 July 1938. Holotype, BR Y. 
It has oecome clear during the: past several years that there are sev-
eral eglandular Oxytropis taxa in Alaska which have large, pink-purple 
to bluish flowers. The status of these taxa i.s imperfectly known, _ and 
further specimens will be required to clarify tneir taxonomic positions. 
Q. kobukensis is one of these. Its type locality is situated in a portion 
of Alaska that is poorly known botanically. 
Apparently Q. kobukensis is most closely related to Q• arctica, but it 
can be distinguished from that species (and all other Alaskan Oxytropis) 
by its firm, persistent, purplish stipule s. 
Oxytropis kokrinensis Porsild (Map No. 5) 
Oxytropis kokrinensis Porsild Rhodora 41 :251. tab. 553. 1939. 
Plants caespitose, subacaulescent from a caudex, the caudexbranches 
beset with persistent purplish-brownstipules and petioles; leaves 1-5 cm 
long; leaflets 7-9, elliptic to lanceolate, revolute or folded, 4-6 mm long, 
1-2 mm wide; inflorescence 1- to 2-flowered, the peduncles slightly if at 
all exceeding the leaves; flowers 12-15 mm long, purplish; calyx cam-
panulate, the tube 4-4. 5 mm long, the teeth 2-2. 5 mm long; pod stipitate, 
about the size and shape of that of Q. nigrescens. 
This species is still known from only a limited number of specimens. 
E:vidently it is restricted to the Kokrines Mountains and to the Brooks 
Range. 
Citations: ALASKA: Howard Pass; Spetzman 3393 (DS). Kokrinus 
Range; Miller 1698 (ALA, S, US); Porsild 762 (S, photograph and frag-
nent of holotype ). 
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O x ytropis maydelliana Trautv. (Map No. 6) 
Oxytropis maydelliana Trautv. Acta Horti Petrop • .Q_:16. 1879. 
Oxytropis campestris s melanocephala Hook. Fl. Bor. Amer • .!_:147. 
1834. 1834. 
Oxytropis campestris £ glabrata Hook. Fl. Bor. Amer . .!_:147. 1834. 
Oxytropis glabrata (Hook./ A. Nels. Univ. Wyo. Pub. Bot • .!_:117. 1926. 
Plants caespitose, acaulescent from a branching caudex; leaves 4-14 
cm long; leaflets 11-21, 4-17 mm long, 2-4 mm broad, ovate to lanceo-
late, elliptic or oblong, pilose to glabrous above and pilose on the mid-
rib below, acute or obtuse; stipules 12-20 mm long, becoming reddish-
brown in age, adnate to the petiole, connate, the free ends caudate-
acuminate, pilose to glabrate dorsally, ciliate; scape 4-15 cm long, erect 
or ascending, villous with spreading hairs; bracts lanceolate, from 
shorter than to exceeding the calyx, villous dorsally, ciliate; racemes 
subcapitate, mostly 6- to IO-flowered, little elongating in fruit; flowers 
erect or ascending, 13-17 mm long, yellowish, the keel-tip immaculate; 
calyx short-cylindric, villous with light and dark hairs, tube 5-6 mm 
long, teeth 1. 5-3. 2 mm long; pods 15-21 mm long, ovoid-ellipsoid, 
chartaceous, sulcate ventrally, partially bilocular; pilose with light and 
dark hairs. 
Specimens of Q• maydeJliana have been collected in flower from mid-
June to late August. However, most of the August specimens are in 
fruit. The principal habit is apparently alpine tundra, but plants have 
been collected in alluvial sa1:1:_ds and on dry, rocky slopes. 
Citations: ALASKA: Alaska-Yukon Boundary; junction of Firth R. 
and Mancha Cr., Hulten s. n. (S). Anaktuvuk Pass; Stone s. n. (S). Ber-
ing Sea Distr.; Naknek, Norberg s. n. (S). Canning R.; Spetzman 380 
(ISC). Cape Lisburne; Anderson 4543 (ISC, S); Crum 2365 (DS). Chandler 
Lake; Wiggins 13806, 13761 (DS). D enali Hwy, 10 miles west of Susitna 
Lodge, Welsh 4797 (BRY,ISC). Fortymile Hwy.; Mt. Fairplay; mile 29, 
Anderson 10820 (ISC, S). Independent Ridge; Spetzman 65 (ALA). Kanak-
tak; Geist s. n. (S). Katmai Nat l. Monument; Dumpling Mt., Schaller 
s. n. (ALA); Base Camp, Hagelbarger 111 (S). Kenai Pen.; Lake Emma, 
Benninghoff 5652 (S). Kivelina; Anderson 4643 (ISC, S). Kotzebue; Hulten 
s. n. (BRY, S); Anderson 4740 (ISC, S). Kurupa R. Valley; 12 miles 
northwest of Kurupa Lake, Hodgdon 8383 (S). Upper Kuskokwim R.; Two 
Lakes, Hulten s. n. (S). Lake Schrader; Spetzman 793 (ISC, S). Mt. Mc-
Kinley Natl. Park; mile 66, Davis 5064 (BRY,ISC); mile 83, Welsh 4812 
(BRY, ISC). Nogheling R.; Lake Iliamna R., Gorman s. n. (S). Nome; 
Anderson 3755 (ISC, S). O gotoruk Cr.; Hulten s. n. (S). Old John Lake; 
Smith 2 543 (ALA). Point Hope; Anderson 3811 (ISC, S). Point Lay; 
Anderson 4448a (S). Porcupine Dome; Scamman s. n. (S). Rapids Lodge; 
Anderson 2245 (ISC, S). St. Lawrence Island; Mason 6112 (S) . Sheenjik 
R.; Kessel S92 (ALA). Sadlerochit R.; Spetzman 1397 (ISC). Steese Hwy.; 
Eagle Summit, Anderson 2453 (ISC, S). Stepovak Bay; Palache s. n. (S). 
Takotna; Anderson and Gasser 7470 (ALA, ISC, S). Thompson's Pass; 
G. C. s. n. (ALA). Utukok R.; Ward 1339 (DS, S). Wiseman; Jordal 2227 
(ISC, S). Walker Lake; Smith 2772a (ALA). 
BRITISH COLUMBIA: Summit Pass; Raup and Correll 10461 (S). 
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NORTHWEST TERRITORIES: Mackenzie Delta; Kittigazuit, Robert-
son 69 (!SC); Garry Island, Kerfoot and Kerfoot 54 (S). 
YUKON TERRITORY: Canal Road; Mt. Sheldon, Porsild and Breitung 
11085 (ISC,S). Kluane Lake; Slims R., Raup and Raup 12571 (S). Ptar-
migan Heart; Raup et al. 13522 (S ). 
Oxytropis mertensiana Turcz. (Map No. 6) 
Oxytropis mertensiana Turcz. Bull. Soc. Nat. Mose. 1840:68. 1840. 
Spiesia mertensiana (Turcz.) Kuntze. Re....-. Gen. 206. 1891. 
Aragallus mertensianus (Turcz.) Greene Brittonia ~:211. 1897. 
Plants acaulescent, from a branching caudex, the elongated branches 
covered with persistent pale stipules; leaves 1-7 cm long, 1- to 3- (5-) 
foliolate; leaflets mostly continuous with the rachis, 7-25 mm long, 3-5 
mm wide, elliptic to oblong, glabrous below, sparingly pubescent above; 
scape 3-8 cm long; raceme 1- to 3-flowered; flow ers 12-16 mm long, 
pink-purple; calyx campanulate, densely black pilose, the tube 4. 8-6. 2 
mm long, the teeth 2. 1-4. 1 mm long, lance-acuminate; pods 13-20 mm 
long, stipitate, the stipe 1. 5-2 mm long, erect and borne aloft, pilose 
with black hairs, subunilocular. 
Plants of Q• mertensiana have been collected in flower from mid-June 
to mid-August. They occur in alpine sites, usually in moist situations 
with moss and lichens. 
Citations: ALASKA: Bering Strait; Arakamtchetchene Island, Wright 
s. n. (US). Cape Beaufort; Hulten s. n. (S). Cape Lisburne; Anderson 
4541 (!SC). Eagle Summit; Hulten s. n. (BRY, S). Ikiakpauruk Valley; 
Spetzman 929 (!SC, S, US). Kurupa R. Valley; Hodgdon 8275 (S). Lake 
Peters; Spetzman 823 (!SC, S). Lake Schrader; Spetzman 790 {!SC, S ). 
Mt. McKinley Natl. Park; mile 67. 8, Davis 5044a (BR Y, IDS). Nome; 
Anderson 3756 {!SC, S). Porcupine Dome; Scamman 809 {S). Teller; 
Walpole 1869 {US). Wales; Hulten s. n. {S). Walker Lake; Smith s. n. 
(ALA,, S). Wiseman; Jorda! 1990 {S, US). 
RUSSIA: Ostl; Taimyrland; Tolmatchew 376, 789 (S). 
Oxytropis nigrescens (Pall.) Fisch. ex DC. (Map No. 7) 
Plants pulvinately caespitose to loosely matted, the caudex branches 
erect or ascending to prostrate spreading; leaves 0. 5-5 cm long; leaflets 
5-15, elliptic to ovate, acute or obtuse, 2-10 mm long, 1-2 mm wide, 
sparsely and loosely pilose to densely villous or rarely glabrous; stipules 
5-14 mm long, whitish or with pale herbaceous tips, more or less pilose 
(rarely glabrous) dorsally, frequently long ciliate with davate marginal 
processes; scapes 1-5 cm long; bracts lanceolate, usually longer than the 
pedicels, pilose to glabrous dorsally, frequently with clavate marginal-
processes; racemes 1- to 4-flowered; flowers 12-20 mm long, bright 
pink-purple {rarely white); calyx campanulate, usually black pilose 
(rarely glabrous); tube 3 - 6 mm long; teeth 1. 8-4 mm long, lanceolate to 
narrowly triangular; pods subs es sile to stipitate, 18-38 mm long, oblong-
ellipsoid, short pilosulose, bilocular, or nearly so. 
The boreal and Arctic members of the Q_. nigrescens complex have 
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been analyzed by Hult en ( 1946) and by Barne by ( 1952 ). Each author has 
interpreted the subordinate taxa differently. The subspecies maintained 
as distinct by Hulten appear to have been based upon characters which 
tend to intergrade completely between the extreme forms of the complex. 
The coastal phase of Q, nigrescens designated by Barneby as var. uni-
flora is hardly more distinct. The silky-canescent foliage of these 
coastal plants occurs in other specimens from different regions. The 
leaflet number of var. uniflora ( 5-9) is likewise not unique to that taxon. 
However, the association of few leaflets and the silky-canescent foliage 
is rare elsewhere, and it seems best to recognize this coastal race in 
some taxonomic rank. The var. lonchopoda proposed by Barneby (1963) 
is remarkable in having the pod borne on a long stipe subequal to the 
calyx tube. 
Key to the varieties 
la. Pods sessile or subsessile, the stipe 2 mm long or less (2) 
1 b. Pods long-stipitate, the stipe 4-5 mm long, subequal to the 
calyx tube; Ovilvie Mts., Yukon. var. lonchopoda 
2a. Leaflets mostly 9-15, variously pubescent (rarely glabrous) 
and commonly greenish at maturity (rarely silvery-canescent); 
widely distributed. · var. nigrescens 
2b. Leaflets 5-11, densely silky-canes cent; along the Arctic 
coast from Mackenzie eastward. var. uniflora 
Oxytropis nigrescens var. nigrescens 
Oxytropis nigrescens (Pall.) Fisch. ex DC. Prodr. ~:278. 1825. 
Astragalus nigres cens Pall. Astrag. 65. tab. 53, 1800, 
Astragalus pygmaeus Pall. Astrag. 66. tab. 53. 1800. 
Oxytropis nigrescens var. pygmaeus (Pall.) Cham. Linnaea .§.:546. 
1831. 
Spiesia nigrescens (Pall.) Kuntze Rev. Gen. 206. 1891. 
Oxytropis pygmaea (Pall.) Fern. Rhodora 30:153. 1928. 
Aragallus bryophilus Greene Proc. Biol. Soc. Wash • .!.§:17. 1905, 
Oxytropis nigrescens ssp. bryophila (Greene) Hulten Fl. Alaska anc 
Yukon 1102. map 833. 1947. 
Oxytropis nigres cens s sp. pygmaea (Pall.) Hulten Fl. Alaska and 
Yukon 1102. map 833. 1947. 
Oxytropis nigrescens var. bryophila (Greene) Lepage Am. Midl. Nat 
46:7 58. 1952. 
Oxytropis nigrescens var. bryophila £. albida Lepage Am. Midl. Nat. 
46:7 58. 1952. 
Oxytropis glaberrima Hulten Bot. Tidskr. ~( 1 ): 124. 1954. 
The most recent segregate within the Q, nigrescens complex is Q, 
glaberrima proposed by Hulten on the basis of a collection by Hodgdon 
(8066, S) from the vicinity of the Upper Kurupa River Valley. Except 
for pubescence, the holotype agrees sufficiently well with Hodgdon 8065 
from the type locality and with other Hodgdon specimens (8168, 8169, S) 
to belong to the same species. Pubescence varies from very heavy in 
8065 to rather sparse in 8169, In other features, such as calyx tube size 
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and shape, flower size, and stipule size and shape, Hodgdon 8169 agrees 
with the holotype of Q. glaberrima. Thus, it appears that Q_. glaberrima 
rests on a single feature, and it seems best to reduce it to Q_. nigrescens. 
Plants of var. nigres cens have been collected in flower from mid-
June to late July. Habitats are mostly restricted to alpine situations 
where the plants are frequently associated with inhospitable sites such 
as ridge tops, gravel stripes, and frost heaves. It is not uncommon, 
however, for plants to grow in stream gravels or in alpine meadows. 
Citations: The writer has examined more than 200 specimens of g. 
nigrescens. The following are representative: 
ALASKA: Alaska Range; Upper Dry Creek, Hulteh s. n. (S). Alaska-
Yukon Boundary; junction of Firth R. and Mancha Cr., Hulten s. n. (S). 
Barrow; Wiggins 12664 (DS, US). Barter Island; Barkalow p-5 (ISC). 
Bering Sea Coast; Cape Romanzof, Corbin s. n. (S). Camden Bay; Jo-
hansen 118 (S, US). Canning R.; Spetzman 423 (ISC). Cape Beaufort; 
Hulten s. n. (S). Cape Lisburne; Anderson 4542 (ISC, S). Denali Hwy.; 
12. 6 miles west of Paxon, Welsh 4783 (BRY, ISC). Eagle Summit; 
Scamman s.n. (ALA,S). Eklutna Canyon; Welsh 4252,4631 (BRY,ISC). 
Golovin; Anderson 3402 (ISC, S). Healy; Anderson 5737 (ISC, S). Horn 
Mt.; Macomb Plateau, Spetzman 179 (ALA). Kodiak; Old Woman Mt., 
Lepage 25089 (RIM, isotype of g. nigres cens var. bryophila f. albida 
Lepage, a white-flowered form). Kurupa Valley; 7 miles north of Kurupa 
Lake, Hodgdon 8060 (S, holotype of g. glaberrima Hulten, a glabrous 
phase of 2· nigrescens). Lake Iliamna; Gorman 248 (US). Lake Schra-
der; Spetzman 517 (ISC, S). Mt. McKinley Natl. Park; Polychrome Pass, 
Nelson and Nelson 3811 (ALA, ISC, US). Nome; Flett 1582 (US). Noatak 
R. Drainage; Femmak Lake, Hulten s. n. (S). Ogotoruk Cr.; Hulten s. n. 
(S). Old John Lake; Smith 2539 (ALA). Point Hope; Anderson 3810 (ISC, 
S). Point Lay; Anderson 4447 (ISC, S). Port Clarence; Coville and 
Kearney 1886 (S. US). St. Lawrence Island; Mason s. n. (S. US). St. 
Matthews Island; Anderson 3977 (ISC, S). Sadlerochit R.; Spetzman 837 
(ISC, S, US). Savoonga; Anderson 3682 (ISC, S). Seward; Anderson 6770, 
7749 (ISC). Shaviovik R.; Spetzman 249 (ISC). Shumagin Island; Popof 
Island, Kincaid s. n. (S, US). Stebbins; Anderson 3508 (ISC, S). Talkeetna 
Mts.; Hatcher Pass, Welsh 4715 (BRY,ISC). Teller; Anderson 3551 
(ISC). Unalakleet; Benninghoff 3153 (S, w ith pods up to 4 cm long). 
Walker Lake; Smith 2461 (ALA). Wiseman; Jorda! 1991 (ISC, S, US). 
YUKON TERRITORY: Cano! Road; Mt. Sheldon, Porsild and Breitung 
11086 (ISC, S). Carcross; Gillett and Mitchell 4574 (ISC). Demster Hwy.; 
mile 54, Ogilvie Mts., Hulten s. n. (BRY, S). Lake Bennett; Tarleton 
s. n. (US). Whitehorse; . Mt. McIntyre, Gillett and Mitchell 3439 (S). 
Summit Lake; Bolton s. n. (US). 
Oxytropis nigrescens var. lonchopoda Barneby Leaf!. West. Bot. !.Q.:23. 
1963. 
The var. lonchopoda is based upon specimens collected in the Ogilvie 
Range by Calder and Gillett. The principal distinctive feature is the 
stipitate pod (the stipe subequal to the calyx tube). 
Specimens examined by the writer were in flower and were col!ected 
in late June. The habitat, as recorded on labels, is essentially the same 
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as for the species in general. The specimens concerned were collected 
in dry, exposed areas above the tree line. 
Citations: YUKON: Ogilvie Range; Cathedral Rocks, Calder and Gil-
lett 26013 (BRY, NY, paratype of var. lonchopoda Barneby); do 25962 
(BRY, NY, paratype of var . lonchopoda Barne by). 
Oxytropis nigrescens var. uniflora (Hook.) Barney Calif. Acad. Sci. IV. 
27:209. 1952. 
Oxytropis arctica [3 uniflora Hook. Parry's Second Vay. Append. 
_!:396. 1825. 
This variety apparently does not occur in Alaska or the Yukon. It is 
included here on the chance that it might be collected along the northern 
coast of the Yukon or adjacent Alaska. For a complete synonymy, refer 
to Barneby {1952, p. 209). 
Citations: NORTHWEST TERRITORIES: Coronation Gulf; Epworth 
Harbour, Cox and O' Neil 398 {US). Southamton Island; Coral Harbour, 
Cody 1094, 1311 {US). 
Oxytropis scammaniana Hulten {Map No. 8) 
Oxytropis scammaniana Hulten Ark. Bot. 33B:4. Fig. 2, 3. 1946. 
Plants caespitose, low growing , from a caudex, the branches fre-
quently elongated and clothed with persistent, straw-colored stipules; 
leaves 2-6 mm long; l e aflets 9-13, 4-8 mm long, 2-3 mm wide, lanceo-
late to elliptic, sparinglypilo~e, jointed to the rachis; scape 2-6 cm long; 
raceme 1- to 5-flowered {usually 2 or 3); flowers purplish, 12-15 mm 
long; calyx campanulate, the tube 4. 5-6 mm long, the teeth 1. 5-4 mm 
long, linear lanceolate to narrowly triangular; pods 11-13 mm long, black 
pilose, erect and borne aloft, subunilocular. 
Specimens of Q. scammaniana have been mistaken for both Q. mer-
tensiana {to which it is closely related) and Q. nigrescens. From the 
former, it can be distinguished by its more numerous, jointed leaflets, 
and from the latter, by its erect pods, which are borne aloft, and by its 
usually more conspicuous straw-colored stipules. 
Q. scammaniana flowers from late June to late July. Most specimens 
have been collected during July. The information recorded on specimen 
labels indicates the habitat of Q. scammaniana tc\ be essentially the same 
as for Q. nigrescens. However, while the speci~s tend to grow adjacent 
to one another, Q. s cammaniana appears to occupy more moist situations 
and is usually associated with mosses and lichens in the tundra com-
munity. 
Citations: ALASKA: Alaska Range; Upper Dry Cr., Viereck s. n. (S). 
Cantwell; Palmer 1951 (ALA, GH). Chandler Lake; Wiggins 13780 {DS, 
GH). Denali Hwy.; 12. 6 miles we st of Paxon, Welsh 4768 {BRY, ISC); 
10 miles west of Susitna Lodge , Welsh 4800 (BRY,ISC). Eagle ; Os good 
s. n. {GH). Eagle Summit; Scamman 806 {GH, holotype of O. scammani-
~ Hulten). Gordon Cr.; Schrader and Hartman 58 {GH). -Harrison 
Divide; Miller House, Scamman 4713 {GH). Healy; Anderson 5738 {ISC, 
S, paratype of Q.. scammaniana Hulten). Horn Mt.; Macomb Plateau, 
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Spe t zrnan 17 9a (ALA , S ). K u rupa R . Valley; Hodgson ~t ~l. 8273 (S) o Mt. 
McKinley NatL Park; Sab l e Pass , Sm ith 2259 (ALA) . Mentasta Pass; 
Limes t one Mt., Spetzman 2732 (S). Porcupine Dome; Scamman 807 (S). 
Rapids Lodge ; Anderson 22-l-fa (ISC, S). Wiseman; Jordal 2276b (GH, S). 
Y KO1 TERRITORY: Kluane Lak e; Raup and Raup 12527 (S) . Ptar -
migan Heart ; Raup ~t ~ - 13739 (S) . 
O xytropis sericea Nutt. ex T . and G . (Map Oo 8 ) 
O x ytropis s e ric e a utL ex T o and G. Fl. N . An\. 1: 339. 18380 
Oxytropis campest ris 15 spicata Hooko Fl. Bor. Am . 1:1-17. 18340 
O x ytropis campest ris '{ sulphurea sensu Hook. FL Bor . Amo 1:147 0 
183 -L non DC. 
O xytro pi s campestris f3 spcciosa To and G o Fl. :;\l . Am . 1 :34 1. 1838 . 
Aragallus spicatus (Hoo k . ) Rydb . Mem . 1 . Y . Bot. Gard . .!__:251. 
19000 pro parte 
Oxytropis spicata (Hook . ) Pammel Man . Pois. Pl. ~:5 69. 1911. 
nom. nud. 
O x ytropis spicata (Hook. ) St.andl. Contr . G . S. Nat.. Herb. 22 :37 3 . 
1921. 
Plants caespitose, acaulescent , frorn a branching caudex; leaves 3 . 5 -
30 cm long ; l eaflets 11-17 (-2 5) , 7- 30 mm long, -l-9 mm w i de , ovate to 
e lliptic or lanceolate; stipules adnate to the petioles, vi llous to glabrate 
dorsally , ciliate , connate; scapes 11-27 cm l ong; bracts narrow ly lanceo -
l ate, shorter than or equaling th e calyx tube , vi llo us dorsa lly, herbace -
ous; racemes several- t o many -flowe r ed ; flowers 18 -25 mm. long, w hitish 
or yellowish , the keel-tipmaculate or immac u late ; calyx cylindric, pilos e 
w ith light and dark hairs, th e tube 7. 5 - 9 . 5 mm l ong , the teeth 2 . 0-3. 5 
mm long, narrowly triangular, usually dark hairy; p o ds 16-25 mm long, 
leathery, bilocular o r nearly so , short pubesce nt, e r e ct. 
O. sericea is included in this treat1ne nt on the basis of a collection 
by Porsild and Breitung (9483) from Lower Lappi e Rive r crossing , mi l e 
132, Canal Road, Yukon (ISC, S). This location r e pr e sents a logical 
continuation of the range of Q• sericea northward from. northern British 
Columbia where it is known from several s it e s. 
The specimen belongs to Q, sericea var . spicata w hich is the northern 
phase of the sericea complex in we stern North Ame rica, and the syno-
nyms cited are those involved with that variety according to the tr eat -
ment by Barneby (1. c .). 
Specimens from British Columbia and Yukon have been collected in 
flower during mid-J une and in July. The specimen from the Yukon was 
collecte d on a "dry shaly slope . " 
Citations: BRITISH COLUMBIA: Muncho Lake; Alaska Hwy., mile 
458, Viereck 1006 (S). Summit Pass; Raup and Correll 10787 (S). 
Oxytropis splendens Doug . ex Hoo k . (Map No. 8 ) 
O xytropis splendens Doug 1. ex Hook . Fi. Bor. Am. 1: 14 7. 1 834. 
Oxyt ropis oxyphylla sensu Richards . ex Frankl. Jour. Bot. Append. 
745. 1923. 
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Oxytropis splendens a. vestita Hook. Fl. Bor. Am . .!_:148. 1834. 
Oxytropis splendens (3_ richardsonii Hook. Fl. Bor. Am . .!_:148. 1834, 
Spiesa splendens (Dougl. ex Hook,) Kuntze Rev. Gen. 207, 1891. 
Aragallus splendens (Doug 1. ex Hook.) Greene Pittonia l:211. 1897. 
Aragallus caudatus Greene Pittonia 4:69. 1899, 
Oxytropis caudatus (Greene) K. Schu~. Just's Jahresb. 27:496. 1901. 
Oxytropis richards onii (Hook.) K. Schum. Just's Jahresb. 27:496. 
1901. 
Oxytropis splendens £. nelsonii Gand. Bull. Soc. Bot. Fr. 48:xvii. 
1901. 
Oxytropis splendens £. strigosa Gand. Bull. Soc. Bot. Fr. 48:xvii. 
1901. 
Aragallus galegioides Greene Proc. Biol, Soc. Wash • .!.§:16. 1905, 
Astragallus splendens (Dougl. ex Hook.) Tidestr. Proc. Biol. Soc. 
Wash. 50:18. 1937. 
Astragalus splendens var . richardsonii (Hook.) Tidestr. Proc. Biol. 
Soc. Wash. 50:18. 1937. 
Plants caespitos e , acaulescent, 10-35 cm tall, from a branching 
caudex; leave s 7-29 cm long; leaflets verticillate on the rachis in 7-15 
fascicl e s (40-70 leaflets), or rarely only a few verticillate, 5-25 mm 
lorig, 2-6 mm wide , narrowly lanceolate, rounded at the base, villous 
throughout; stipules membranous, long pilose dorsally, the free ends 
triangular to acumi nate, adnate to the petioles; peduncles 9-2 9 cm long, 
long villous; bracts narrowly lanceolate, shorter than to longer than the 
calyx, villous dorsally; racemes 3-10 cm long, little elongating in fruit, 
many-flowered; flowers 12-1 5 mm long , pinkish or purpli sh; calyx cyl-
indric, long-villous; tube 5, 0-6 mm long; teeth 2 . 0 - 4. 0 mm long; pods 
10-1 7 mm long, ovoid to oblong, sulcate on both sutures, villous, sub-
llnilocular. 
Throughout most of its range, Q, splendens is relatively uniform. 
Tq.er e are minor differences in bract length and in flower size. These 
differences have formed the basis for most of the synonyms. 
Specime ns have been collected in flower from late May to mid-July. 
fhe plants grow on dry sites, mostly on sandy or shaly slopes, 
Citations: ALASKA: Chitna R oad; Smith 2342 (ALA). Little Salmon; 
Be auchamp 32 (ALA). Porcupine R. ; Murie 6 (ALA, S). 
BRITISH COLUMBIA: Sikanni R. ; Raup and C orrell 10381, 10162 {S). 
f etsa R.; Raup and Correll 10740 (S). 
YUKON: Alaska Hwy.; mile 1022, Anderson and Brown 10049 {ISC); 
nile 1021-1024, Raup et al. 13048 (S). Canal Road; m ile 132, Porsild 
rnd Breitung 9869 (S). Dawson; Calder and Kukkonen 28066 (S). Selkirk; 
Rude 111 (ISC, S). Whitehorse; Anderson s . n. {ISC, S). 
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Oxytropis viscida Nutt. ex T. and G. (Map No. 9) 
Oxytropis viscida Nutt. ex T. and G. Fl. N. Am . .!_:341. 1838. 
29' 
Oxyt ropis leucantha sensu authors, non? Astragalus leucanthus Pall. 
Spec. Astrag. 1800. 
O xyt ropis borealis sensu authors, non? DC. Prodr. 1825. 
Oxytropis borealis f3 H. and A. Bot. Beechey Voy. 122. 1832. 
Oxytropis uralensis f3 subsucculenta Hook. Fl. Bor. Am . .!_: 146. 1834 
Oxytropis campestris var. verrucosa Ledeb. Fl. Ross .!_:591. 1842. 
Oxytropis mollis Nutt. ex Gray Proc. Am. Acad. Sci. ~:235. 1864. 
pro syn. 
Oxytropis campestris var . viscida (Nutt .) S. Wats. Bot. King Exped. 
55:1871. 
Spiesia viscida (Nutt.) Kuntze Rev. Gen. 206. 1891. 
Aragallus vis cidus (Nutt.) Greene Pittonia l:211. 1897. 
Aragallus vis cidulus Rydb. Mem. N. Y. Bot. Gard. 1 :253. 1900. 
Aragallus vis cidulus var . de pres sus Rydb. Mem. N . Y. Bot. Gard. 
1 :253. 1900. 
oxVtropis viscidula (Rydb.) Tidestr. Contr. U.S. Nat. Herb. 25:332. 
1925. 
Astragalus viscidus (Nutt.) Tidestr. Proc. Biol. Soc. Wash. 50:19. 
1937. 
Oxytropis glutinosa Porsild Bull. Nat. Mus. Can. ~ :240. 1951. 
Oxytropis sheldonensis Porsild Bull. Nat. Mus. Can. ~:245. 1951. 
Oxytropis verruculosa Porsild Bull. Nat. Mus. Can. ~:246. 1951. 
Oxytropis vis cidula s sp. sulphurea Porsild Bull. Nat. Mus. Can. 
~:247. 1951. 
Plants caespitose, acaulescent from a branching caudex; leaves 8-2 5 
cm long; leaflets 19-51, 4-18 mm long, 2-5 mm wide, ovate, oblong-
lanceolate or elliptic, pilose to glabrous above and below, glandular and 
often verrucose, acute or obtuse; stipules 18-22 mm long, membranous, 
pale, adnate to the petiole, connate, the free ends acuminate, pilose to 
glabrous dorsally, ciliate; scape 5-27 cm long, erect or ascending, vil-
lous to glabrate, more or less viscid; bracts linear-lanceolate, equaling 
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n longer than the calyx tube, glandular or glabrous dorsally, ciliate; 
~acemes 6- to many-flowered, little elongated in fruit; flowers 11-21 
nm long, pink-purple to ochroleucous or white, the keel-tip maculate or 
mmaculate; calyx cylindric, villous with dark and light hairs; tube 4. 5-
3. 6 mm long; teeth 2-6. 5 mm long, narrowly lanceolate, the dorsal sur-
:ace glandular and villous; pods 12-17 mm long, including the beak 4-5 
nm long, chartaceous, parti a lly 2-loculed, strigulose to pilose with 
)lack hairs. 
Oxytropis viscida as represented i n Alaska and Yukon is extremely 
)olymorphic. Numerous forms are present which vary in many ways; 
leaflet number, flower number, flower size, stature, vesture, petal 
:olor, and degree of viscidity. In addition, teratological specimens 
)Ccur which add to the range of variation. 
Many attempts have been made to correlate the variations and arrive 
:1.t a workable segregation of the species. However, with the notable ex-
:eption of Barne by' s conservative treatment (1. c. ), attempts at segre-
5ation have led to confusion instead of clarity. If one were to ascribe 
3pecific or infraspecific rank to each of the populations which have a 
:iifferent combination of characters, then the naming of new taxa would 
:ontinue almost endlessly. 
In Alaska and the Yukon, Barneby recognized only two v arieties in the 
Q. viscida complex: var. viscida and var. subsucculenta. The former 
is widely distributed, but the latter is found mostly north of the Brooks 
Range. The principal diagnostic features between these taxa were leaf-
let number, wing width, and compactness of the raceme. Even on these 
bases, there are a series of intermediates, but the extreme forms of 
v-ar. subsucculenta are readily separable. 
Many distinctive forms from numerous sites seem to support Bar-
rreby' s contention that this species is in the process of fragmentation. 
Plants from near Wiseman (Jordal 1768, 1830, 2027, 2241, 2276a, and 
Anderson and Gasser 5994, !SC) are remarkably similar and striking in 
their uniformly small flowers (ca. 12 mm), slender scapes, and narrow 
caudices. They are similar to specimens from other sites in Alaska 
and the Yukon which were described by Porsild as Q. viscidula ssp. sul-
phurea. One of the Wiseman specimens {Anderson and Gasser 5994) was 
cited by Porsild as belonging to ssp. sulphurea. The specimen is in 
fruit and is phenotypically similar to other specimens cited as belonging 
to that subspecies. However, none of the flowering specimens has yellow 
flowers; they are purplish or white, and none of the flowers is as long 
(15 mm) as those characterized in the description of ssp. sulphurea. It 
is evident that, if Porsild's spp. sulphurea is to be recognized in any 
rank, it cannot include the Wiseman specimens unless the circumscrip-
tion of the taxon is altered. Possibly both warrant recognition as minor 
entities within O. vis cida. 
- ----
Other extremes of variation include robust specimens from Gakona 
(Anderson 8533, !SC), North Pole vicinity (Welsh 4438a, BRY, !SC), and 
White River, Yukon (Anderson 9261, !SC). These plants exceed 25 cm 
in height and have bracts longer than the flowers. Bract length has not 
proved a reliable diagnostic character. As a general rule, the more 
robust the individual, the longer tha bracts. Thus, it seems that bract 
length is a function of environmental control. Another series of popu1a-
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tions similar to the Gakona type occur in the Matanuska Valley nea: 
Chickaloon. The plants tend to be robust, but have small white flower: 
with maculate keel-tips (Welsh 4504 BR Y, ISC; Anderson l 0580 ISC; Wil· 
liams 912, 1211 BRY). 
The specimens on which Q, glutinosa is based (Porsild and Breituni 
9730, isotype ISC; Anderson 9447, paratype ISC) are phenotypically simi· 
lar in having dark stipules and long calyx teeth. However, they diffe: 
in numerous characters and are probably genotypically distinct. The 
paratype cited above likely belongs to ssp. sulphurea of Porsild. The 
isotype appears to belong to var. vis cida ~ stricto and does not war· 
rant any special recognition. 
The isotype of Q, sheldonensis Porsild (Porsild and Breitung 11750 
ISC) is similar in stature to Q, glutinosa, but the specimen is in fruit 
and the nature of the flowers cannot easily be determined. There do no 
seem to be any special diagnostic features, and the specimen fits easil: 
into the var. viscida. 
An example of the difficulty of interpretation of the Q, viscida com· 
plex is demonstrated by the disposition of a specimen collected on th, 
Castner Glacier (Porsild 495, ISC). It was initially identified as Q. hud· 
sonica. Later (1951), Porsild cited this specimen as a paratype of Q 
glutinosa. Still later ( 1952 ), it was cited by Barne by as representing th, 
var. subsucculenta. I doubt that this specimen (if the duplicate at m· 
disposal is similar to those examined by Porsild and Barneby) differ 
sufficiently from other specimens in the Q, viscida complex to receiv 
special recognition. 
The type 01 Q, verruculosa Porsild (Porsild and Breitung 10072 
isotype S) is similar in many respects to that of his Q, viscidula ss1 
sulphurea. The major differences include flower size and degree o 
viscidity. This latter character has proved of little diagnostic valu, 
within Q, viscida; the former is probably more important. However 
there are numerous examples of populations having small flowers 
Therefore, it seems best to include Q. verruculosa as a minor varian 
of O. viscida. 
- ---
Nomenclatural problems often approach the complexity of attempts t , 
classify very difficult groups. In Q, viscida this is especially true. Man-
specimens from Alaska have gone under the epithet Q, leucantha, basec 
upon the interpretation of Bunge (1874). Q, leucantha (Pall.) Pers. i 
based upon a specimen collected by D. D. Merck "in Sibiriae orientali 
borealioribus saxosis, a fluv. Icnisea usque ad sinum Ochotensem no 
infrequens planta, quam circa Aldanum, Bjelam et reliquos maxim 
orientales fluvios legit Majo et lunio." Bunge cited this collection alon 
with one by Wright from "in insulis freti Beringiani." I have examine 
a duplicate of the Wright specimen (US) and find it belongs to O. viscid 
in the sense of North American authors. - ---
The original description of Astragalus leucanthus by Pallas does nc 
mention that the Merk specimen is glandular. However, Bunge state 
emphatically that the specimen is glandular. If this is the case, then i 
seems certain that the name Q, leucantha (Pall.) Pers. should replac 
Q. viscida. The relationship of O. leucantha to other Old World specie 
has not been investigated, and it seems best to retain the name Q, vis 
cida until further evidence is available. 
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Any attempts to segregate Q. viscida into infraspecific categories 
3hould likewise be delayed until nomenclatural difficulties are resolved. 
Plants of the Q, viscida complex flower from early June to early 
!\.ugust. They grow in a variety of habitats; along roadsides, on river 
~ravels, sandy terraces, and in alpine tundra. 
Citations: ALASKA: Alaktak; Spetzman 2494 (ISC,S, US). Alaska Hwy.; 
nile 1361, Williams 292 (S). Alaska Range; Castner Glacier, Porsild495 
_!SC). Anaktuvuk Pass; Spetzman 1926 (ISC, S). Arctic Village; Jordal 
$604 (S, MICH, US). Beetles R.; 20 miles northeast of Wiseman, J ordal 
~276a (ISC, US). Bering Strait; Arakamtchetchene Island, Wright 1853-56 
US). Brooks Range; Chapman 183 (US). Cape Sabine; Shetler and Stone 
$239 (ALA, S). Chicken; Scamman 5741 (S). Chip R.; Wiggins 13640 (DS, 
JS). Chitina; Laing 136,137 (S, US, paratypes of Q, verruculosa Porsild). 
::::opper Center; Heideman 30 (S, US). Coville R. Delta; Hulten s. n. (S). 
)elta R.; Black 33 (S, US). Donnely Dome; Smith 2189 (ALA). Fortymile 
)istrict; Franklin, Anderson and Gasser 72 97 (ALA, ISC, S, paratype of 
~- viscidula s sp. sulphurea Porsild). Fort Yukon; Gasser s. n. (ALA). 
Jakona; Anderson 8533 (ALA, ISC, S). Glenn Hwy.; mile 74, Welsh 4504 
BRY, ISC). Healy; Anderson 5736 (ISC, S). Itkillik R.; Spetzman s. n. (S). 
rago R.; Cantlon and Gillis 57-124c (S). Jan Lake; Spetzman 283 (ALA). 
rohn R.; Schrader s. n. (US). Katmai Natl. Monument; Henning 516 (S, 
JS). Kuskokwim R. Basin; Drury 2308, 2569, 2906, 3902 (S). Kurupa Val-
.ey; Hodgdon 8661 (S, US). Lake Peters; Shetler and Stone 3399 (ALA, S). 
:...ake Schrader; Spetzman 792 (!SC, S, US). Mt. McKinley Natl. Park; 
~elsh 4836, 4845 (BRY,ISC). Nabesna Road; Hulten s.n. (BRY,S). Noa-
ak R.; Feniak Lake, Hulten s. n. (S). Nome; Anderson 3781 (ISC, S). 
-Jorthway Road; Williams 231 (S). Ogotoruk Cr.; Hulten s.n. (BRY,S). 
=>oint Lay; Anderson 4448 (!SC, S). Port Clarence; White s. n. (US). Rich-
Lrdson Hwy.; Black Rapids Glacier, Welsh 4318 (BRY, ISC); mile 229, 
~elsh 4329 (BRY,ISC); mile 312, Welsh 4438,4438a (BRY,ISC). Sadler-
>chit R.; Spetzman 948, 1121 (ISC, S). Shaviovik R.; Spetzman 214 (!SC). 
,lana-To_k Hwy.; Anderson 8686 (ISC, S, paratype of Q, viscidula ssp. 
;ulphurea Porsild). Steese Hwy.; Miller House, Scamman 652 (S). Tel-
er; Miller 17c (ISC, S, US). Umiat; Spetzman s. n. (S). Ututok R.; Ward 
.261 (DS, S, US). Walker Lake; Jordal 3027 (MICH, S). Wiseman; Scam-
nan 945 :(S). Yukon R.; International Boundary, Mertie 81 (S, US). 
YUKON: Alaska Hwy.; mile 1022, Schofield and Crum s. n. (S); mile 
.136, Anderson and Brown 10311 (!SC). Burwash; Raup ~t ~- 13962 (S). 
:::anal Road; mile 105, Porsild and Breitung 10918 (!SC, S, isotype of Q. 
rerruculosa Porsild); mile 132, Porsild and Breitung 9730 (ISC, S, iso-
ype of Q. glutinosa Porsild), do. 9482 (ISC, paratype of Q, viscidula ssp. 
;ulphurea Porsild), do 9625 (US, paratype of Q, viscidula ssp. sulphurea 
=>orsild), ; do 9937 (S, paratype of Q• viscidula ssp. sulphurea Porsild); 
:::hampa-gne; Raup ~t ~l. 13163, 13178 (S). Dawson; Calder and Ballard 
1764 (ISC,S). Demster Hwy.; Hulten s.n. (BRY,S). Haines Road Junc-
ion; Harris 11976 (S). Lake Kluane; Anderson 9447 (ISC, S). Mayo; 
:::alder and Gillett 4095 (US). Ptarmigan Heart; Raup ~t ~l. 13637 (S). 
,elkirk; Williams s. n. (US). Stewart R.; Gillett 4172 (ISC). Whitehorse; 
\.nderson 9538 (ISC, S). Whitehorse Rapids; Tarleton 33a (S, US). 
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INHERITANCE OF REACTION TO RACE 15B OF WHEAT STEM RUST 
IN DERIVATIVES OF FRONTANA AND TRITICUM TIMOPHEEVI ZHUK1 
R. E. Atkins 2 
A BS TRACT. T h e r e s i s t a n c e t o r a c e 1 5 B o f s t e m r u s t e x -
hibited by two hexaploid w inter wheat sel e ctions was 
evaluated from reactions of F 2 adult plants and F 3 seed-
lings. Segregating populations were obtained from 
crosses of the resistant selections Frontana x Medi-
terranean-Hope-Pawnee and Shands 473 (Triticum timo-
pheevi) x Cheyenne with several susceptible varieties. 
Adult plant resistance was expressed only by genotypes 
that were homozygous for the recessive alleles at 
either one or two 1 o c i. For the F r on tan a s e 1 e ct ion, 
results indicated that two independent genes were in-
volved in the inheritance of reaction to race 15B; w hile 
segregation for a single pair of alleles appeared to 
determine resistance or susceptibility of the progeny 
from crosses with the Shands 473 selectiono Seedling 
reactions of segregates from all crosses with the Fron-
tana selection conformed to single gene inheritance 
patterns. Both one and two gene segregation ratios 
were obtained in the seedling reactions for crosses 
i n v o 1 v i n g t h e S h a n d s 4' 7 3 s e 1 e c t i o n • F o r b o t h s o u r c e s 
of resistance, cross-categorizations of the F 2 and F 3 
reactions indicated that different genes governed the 
inheritance of resistance in the adult plant and seed-
ling populations. 
Since the initial occurrence and subsequent increase in prevalence of 
race 15B of wheat stem rust (Puccinia graminis Pers. L sp. tritici 
Erikss. and Henn.), a wide spectrum of wheat varieties and selections 
has been tested for reaction to this fungus. Selections from several 
species and introductions from a number of countries have yielded valu-
able sources of resistance for use by wheat breeders. Successful trans-
fers of resistance from McMurachy, Khapli emmer and several Kenya 
selections to varieties adapted for production in this country have been 
particularly noteworthy. Also, extensive inheritance studies of the re-
sistance available from these sources have been reported (1, 3, 4, 5, 6, 7, 
11 ). Frontana, a South American variety, also has been used extensively 
as a source of resistance to race 15B, and selections from crosses with 
the tetraploid species Triticum timopheevi Zhuk have been used by some 
1 Journal Paper No. J-5443 of the Iowa Agricultural and Home Economics 
Experiment Station, Ames, Iowa. Project No. 1176. 
2 Professor of Agronomy, Iowa State University, Ames, Iowa. 
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wheat breeders. The mode of inheritance for resistance derived from 
these sources has received relatively less attention. This paper pre-
sents the results of classifications for reaction to race 15B made on Fz 
and F 3 populations from crosses of the latter two resistance sources 
with several susceptible varieties. 
MATERIALS AND METHODS 
All parental lines used in this study were hexaploid winter types. 
Seed stocks of both resistant strains were obtained' originally from the 
Kansas Agricultural Experiment Station, Manhattan, Kansas. The re-
sistant selection F rontana x Mediterranean-Hope-Pawnee (Ks, 53R681-5) 
was crossed with the susceptible varieties Comanche, Iowin and C. I. 
13279 (Iowa 5373). Parentage of the C. I. 13279 selection is Pawnee x 
[Iowin x CI· timopheevi-Wisc. 5)]. Resistance of the [Shands 473 (_I. 
timopheevi) x Cheyenne] selection (C. I. 13005)was evaluated from cros-
ses with the susceptible varieties Pawnee, Iowin and C. I. 13279. The 
Frontana selection exhibits a highly resistant reaction to race 15B, with 
a l to 1 + pustule and considerable necrosis on seedling leaves. Resis-
tance of the Shands 473 selection is expressed by l + through 2+ pustule 
types and marked chlorosis of seedling leaves. 
Inheritance studies were conducted from classifications made on Fz 
adult plants and F 3 seedling populations. Adult plant reactions were re-
corded from spaced plants in the field at Ames, Iowa, after an epiphytotic 
of the pathogen had been created by hypodermic injection of spores into 
susceptible spreader row plants. The inoculum used throughout the in-
vestigation was obtained originally from the Cooperative Rust Laboratory 
at St. Paul, Minnesota, and was increased and maintained on the variety 
Little Club. 3 F 3 seedling evaluations were conducted in the greenhouse 
from inoculations made in the first leaf stage with talc suspensions of 
spores. Greenhouse temperatures were maintained at about 65° to 70°F 
at night and 70° to 80° F during the day, both during and after inoculation. 
The average number of F 3 seedlings classified from each Fz plant varied 
somewhat for the different crosses, ranging from 21 to 32. In the cross 
of the Shands 473 selection with C. I. 13279, a few of the F 3 populations 
contained only 10 to 14 plants; but for all other crosses from 25 to 30 or 
more F 3 seedlings from each Fz plant usually were classified. 
The Fz adult plant reactions were recorded on from 120 to 164 plants 
of each cross in accordance with the scales described by Peterson !:_t ~-
(8). Plants classified as resistant had a prevalence of 10% or less of 
predominantly l or 2 type pustules, while plants with greater than 10% 
prevalence and predominantly 3 and 4 type pustules were classed as 
susceptible. Seedling classifications followed the system described by 
Stakman !:_t ~. (10). Pustule types 0, 1, and 2 were grouped as resistant, 
type 3 and 4 pustules were classed as susceptible, and the intermediate 
reactions and mesothetic (X) types were included in the segregating 
category. 
3 The cooperation and counsel of Dr. J. A. Browning, Department of 
Botany and Plant Pathology in the increase and maintenance of inoculum 
and in making inoculation is gratefully acknowledged. 
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RESULTS 
Classifications involving the Frontana selection are listed in Table 1. 
F 2 plant reactions for the crosses with Comanche and Iowin indicate that 
the inheritance of adult plant resistance was governed by two independent 
genes acting in a supplementary manner, with resistance expressed when 
the homozygous recessive alleles were present at both loci. Chi-square 
tests for goodness of fit to a 1 resistant:15 susceptible ratio gave satis-
factory probability values for both crosses. When the Frontana selection 
was crossed with C. I. 13279, adult plant classifications of the F 2 popu-
lation were in conformity with a ratio of 1 resistant:3 susceptible indi-
viduals. The parents of this cross apparently differed by only one gene 
for adult plant reaction, again with resistance expressed by the homozy-
gous recessive genotype. 
For all crosses involving the Frontana selection, classifications of 
the F 3 seedling populations were in good agreement with the ratio of 1 
homozygous resistant:2 segregating:! homozygous susceptible. These 
proportions support the hypothesis that seedling resistance of the Fron-
tana selection to race 15B was determined by a single gene, but domi -
nance relationships are not clearly discernible from the F 3 classifica-
tions. The cross-categorizations of F 2 adult plant classifications and 
the reactions of their F 3 seedling populations, shown in Table 1, do not 
show any consistent association and indicate that different genes govern 
the inheritance of adult plant and seedling resistance in these populations. 
The F 2 classifications presented in Table 2 for crosses involving the 
Shands 4 73 selection with the three susceptible parents support an inter-
pretation of a single gene diqerence conditioning adult plant reaction to 
stem rust in each of the crosses. As observed with the Frontana selec-
tion, resistance of the Shands 473 selection was expressed only by the 
homozygous recessive genotype. When the Shands 473 selection was 
crossed with Pawnee, the F 3 seedling reactions also appeared to be de -
termined by a single pair of alleles . Because of poor infection from one 
group of inoculations , only 60 of the 120 F 2 plants of this cross were 
evaluated for F 3 seedling reaction. For the crosses with Iowin and C. I. 
13279, the F 3 seedling reactions evidently were determined by the action 
of two independent genes. In F 3 seedling popul ations of the cross with 
Iowin, a good fit to a 1 homozygous resistant:8 segregating:7 homozygous 
susceptible ratio was observed. For the cross with C . I. 13279, the F 3 
seedling classifications approximated a ratio of 1 homozygous resistant: 
14 segregating:! homozygous susceptible , though the P value in support 
of this hypothesis is rather low . Confidence for this interpretation m a y 
be bolstered , however, by the f a ct that several of the populations were 
classified as either homozygous resistant or homozygous susceptible, on 
the basis of 10 to 14 plants , and might actually have proved to be segre -
gating if larger populations had been examined. The 1: 8:7 ratio supports 
the hypothesis th3.t resistance of the F 3 seedlings was expressed only 
when both loci were in the homozygous recessive condition. Dominance 
relationships from F 3 reactions for the other two crosses involving the 
Shands 473 selection cannot be firmly established. Cross-listings in 
Table 2 for the association of F 2 adult plant re a ctions with the behavi o r 
of their progeny in F 3 seedling tests suggest that the two reactions were 
independent. 
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TABLE 1. Classifications for reaction to race 15B of wheat stem rust 
for progeny of crosses involving the Frontana x Mediterranean-
Hope-Pawnee selection. 
(Frontana x Med.-Hope-Pawnee) x Conknche 
F2 adult plant F3 seedling reaction 
reaction Res. 
~-
Susc. Total 
Resistant 9 4 0 13 
Susceptible 28 ].:}_ ]l 140 
Total 37 83 33 153 
(P for 1:15 F2 ratio=.30-.20) (P for 1:2:1 F3 ratio=.50-.30) 
(Frontana x Med.-Hope-Pawnee2 x Iowin 
F2 adult plant F3 seedling reaction 
reaction Res. 
~-
Susc. Total 
Resistant 5 6 0 11 
Susceptible 30 84 ~ 153 
Total 35 90 39 164 
(P for 1:15 F2 ratio=.90-.80) (P for 1:2:1 F3 ratio=.50-.30) 
(Frontana x Med.-Hope-Pawnee) x C. I. 13279 
F2 adult plant F3 
reaction Res. 
Resistant 10 
Susceptible ll 
Total 32 
(P for 1:3 F2 ratio=.30-.20) 
seedling reaction 
~-
14 
53 
67 
Susc. 
2 
24 
26 
26 
_22. 
125 
(P for 1:2:1 F3 ratio=.70-.50) 
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TABLE 2. Classifications for reaction to race 15B of wheat stem rust 
for progeny of crosses involving the Shands 473 x Cheyenne 
selection. 
[Shands 473 (T. timopheevi) x Cheyenne] x Pawnee 
F2 adult plant F3 seedling reaction 
reaction Res. 
~-
Susc. Total 
Resistant 9 8 1 18 
Susceptible 6 ll _2_ 42 
Total 15 35 10 60 
309 
Total 
popula 
33 
_E_ 
120 
(P for 1:3 F2 ratio on total pop.=.70-.50) (P for 1:2:1 F3 ratio=.30-.20) 
(Shands 473 (T. timopheevi) x Cheyenne] x Iowin 
F2 adult plant F3 seedling reaction 
reaction Res. 
~-
Susc. Total 
Resistant 8 18 11 37 
Susceptible 6 g 50 119 
Total 14 81 61 156 
(P for 1:3 F2 ratio=.80-.70) (P for 1:8:7 F3 ratio=.30-.20) 
(Shands 473 (T. timopheevi) x Cheyenne] x C. I. 13279 
F~ adult plant F3 seedling reaction 
reaction Res. 
~-
Susc. Total 
Resistant 2 18 3 23 
Susceptible 10 76 7 _1l 
Total 12 94 10 116 
(P for 1:3 F2 ratio=.20-.10) (P for 1:14:1 F3 ratio=.10-.05) 
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DISCUSSION 
The resistant reaction to race 15B exhibited with either adult plant 
or seedling infections by the Frontana selection and its segregates was 
distinctly superior to the resistance displayed by the Shands 473 selec-
tion. Development of the pathogen was less extensive and pustules were 
smaller with adult plant infections on the Frontana populations. Similar-
ly, the seedling infection type for the Frontana selection was superior, 
with a 1 to 1 + type pustule characteristically developed. Also, many of 
the resistant F 3 seedlings of the Frontana crosse's, particularly with 
C. I. 13279, showed a more highly resistant reaction than the parental 
selection with more necrosis and very small pustules developing. 
Results presented herein indicate that the high type of resistance 
expressed by the Frontana selection is determined by only one or two 
genes. Adult plant resistance appeared to involve the action of two genes, 
with resistance conditioned by the homozygous recessive genotype. Seed-
ling tests of the F 3 populations consistently indicated that resistance or 
susceptibility was determined by a single gene. Snyder and Burntr'a.m (9) 
concluded from greenhouse seedling tests that the resistance of Frontana 
to race 15B was recessive, and probably two or more genes with a com-
plex interaction were involved. Populations obtained by crossing Fron-
tana (C. I. 12470) with Marquis and backcrossing to the susceptible Mar-
quis variety were used for seedling tests by Knott and I-sun Shen (7) to 
study inheritance of the F rontana resistance to stem rust. They postu-
lated that one dominant gene conditioned resistance to both race 15B and 
race 56 and th.at Frontana also possessed another gene for resistance to 
race 56. Thus, interpretations for the mode of inheritance of the Fron-
tana resistance are not in complete harmony, but there is agreement 
that the number of genes controlling the reaction is small. Support for 
a relatively simple inheritance is evidenced by the considerable number 
of successful transfers of the Frontana resistance to other wheat selec-
tions, either by backcrossing or pedigree selection programs. 
While the reactions observed in this study indicate that resistance of 
the Shands 473 selection is not as outstanding as that of the Frontana 
derivative, the Shands 473 selection does condition a good level of re-
sistance and adds further diversity of genetic background to the pool of 
resistance sources available to breeders. Again, both one and two gene 
segregation patterns were obtained among the various hybrid populations 
evaluated. Either interpretation should make this type of resistance 
quite amenable for transfer to other varieties. Other reports of genetic 
investigations with this source of resistance were not found. 
Cross-categorizations of F 2 adult plant and F 3 seedling reactions did 
not support any consistent patterns of association for any of the crosses. 
Since different gene numbers appeared to determine reactions in the two 
types of populations for most crosses, complete associations should not 
be expected. Variations in adult plant and seedling reactions to rust are 
not uncommon among the cereal grains. Most often, though not always, 
plants resistant in the adult stage also are resistant as seedlings; but 
resistance in the seedling stage all too frequently is not borne out in 
adult plants. The adult plant resistance of a Kenya derivative to race 
2 9-1 of wheat stem rust, cited in contrast to its seedling susceptibility 
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by Green and Knott (2); and the variations for expression of dominanc 
among seedling and adult plants discussed by Knott and Anderson (6) ar 
but two of an appreciable number of contrasting reactions that ;might b 
referenced. 
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A BS TRACT. T h e 4 8 s p e c i e s o f T a b a n i d a e , r e p r e s e n t i n g 
seven genera , pr esently k n own from Io wa are keyed 
and briefly describ ed . Two genera and 12 species are 
addition a 11 y inc 1 u de d as prob a b 1 y occur ring in the state . 
Also incl ude d are notes o n the biology of each species . 
The Nea rctic distribution of each species is given in 
gene ral terms . Di str ib ut ion with in I owa i s g i ven by 
counti e s. K ey s ar e illustrated and a glossary of the 
taxonomy terms us e d is included. 
The Tabanida e constitute a large and wide ly distributed family of 
medically important ins e cts. The blood - sucking habits of the fema les 
make them serious enough pests to w arrant a consid e rable amount of 
attention. S even genera and 48 species have been r e corded from I owa. 
Two ge n era and 12 species are additionally included in this paper as 
pr obabl y occurring here. Most of the I owa species belong to the gene ra 
Tabanus and Hybomitra (subfami l y Tabaninae) and Chrysops (s ubfamily 
Chrysopinae ). 
Lists of the Iow a species of tabanids have been published by Cutkomp 
and Jaques (1936) and Sutton and Millspaugh (1950). No biological or 
distributional studies have previously been made . As part of a study on 
th e medically important arthropods of Iowa , r esea rch on the Tabanidae 
w a s u ndertaken in S e ptembe r 1963 . The information in this paper is 
based on field colle ctions of adults and rearing of lar va e taken during the 
study and on the collections of Tabanidae belonging to Iowa State Univer -
sity , Iowa Wesleyan C ollege, and Dr. Wilfred S. Craig. This paper in-
cludes keys to subfamilies , ge n e ra, and species; a brief description of 
each species; and notes on the biology and Iowa distribution where these 
are known. The glossary and figures ar e int e nded to make it possible 
for a nondipterist to identify specimens, 
We are indebted to Dr. J. Lo Laffoon and Mr . Dick M, Millspaugh for 
their respective assistance in making the I owa State University and Iowa 
Wesleyan College tabanid collections a vai lable for our study. 
1 Accomplished w ith the support of the Undergraduate Research Partici-
pation Program, National Sci e nc e Foundati on (GE6349) . J ou rnal Paper 
No . J-5452 of the I ow a Agricultural and Home Economics E x p e rime nt 
Station, Ames, Iowa. Proj ec t N os. 155 3 and 1554. 
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The Family Tabanid a e 
(hors e flies, gad flies, de e r fli e s) 
CLASSIFICATION. Orde r Diptera, Suborde r Brachycera, Superfamily 
Tabanoidea, Family Tabanidae . 
RE~OGNITION CHARACTERS 
Adult: The family Tabanidae is characterized by having : apex of wing 
included in c e ll R 4 (fi g . 5); 3 -s egmente d antenna, w ithout arista or style, 
the third s e gme nt w ith 3 or more annuli (fi g . 8 ); ape x of tarsus with 3 
large padlike structures (tw o late ral pulvilli and a m e dium empodium, 
sometimes called the "pulvilliform empodium" (fig. 7); at least the mid-
dle tibia with spurs (as in fig. 7); and caly pters (squamae) very large and 
conspicuous {fig. 5). Body length from 7 t o 30 m m. The two sexes may 
be distinguished by the eyes which are continuous in the males and sepa-
rated in the females. The eye s are often brightly colored or iridescent; 
the patterning of this color usually has taxonomic significance . Unfor-
tunately, the colors fade soon after death. 
~- Tabanid eggs are cylindrical, narrower at either end , and either 
straight or slightly curved. They vary from about 1. 0-2. 7 mm in length 
and from 0, 2-0. 4 mm in diameter. They are creamy white when laid 
but within a few hours become shining black. They are laid in masses 
of 100-800 eggs , which may be composed of a single layer, as in most 
Chrysops species, or of several layers as in the genus Tabanus. When 
in a single layer, they partially overlap. When laid in several layers, 
the eggs stand at an angle of 45° or more to the surface. As it is laid 
each egg is coated with a sticky waterproof covering. 
Larva {fig. 48). Head small, retractile, with prominent downward 
poin ting mandibles; body cylindrical, tapering to both ends ; cuticle mod-
erately soft, shiny, wholly or in part longitudinally striated; 11 segments 
( e xclusive of head and siphon); a girdle of prolegs or pseudopods on the 
fin1t seven abdominal segments; the eighth abdominal or anal· segment 
bears the siphon which extends as a rounde d or elongate projection, tele-
scoping into the anal segment; at the siphon apex, the spiracle consists 
of a vertical slit or a freely exsertile sharp compressed spine (a very 
small thoracic spiracle exists in a lateral vertical slit between the pro-
and mesothorax). A distinctive feature of tabanid larvae is the presence 
of Graber's organ (fig. 49), usually visible internally within the 10th or 
11th segment. This is a pear-shaped sac, broader anteriorly, w ith a 
slehder tube opening near the base of the siphon dorsally. Within the sac 
are a number of capsules containing black pediceled bodies . The sac is 
richly provided with nerves and muscles and, in life, keeps up a nearly 
continual lateral oscillation. 
Pupa {fig. 47) . Free of the last larval skin or mostly so, with the ap-
pendages and body compactly united. Anteriorly rather abruptly rounded, 
posteriorly tapered to a small terminal s e gment. At first pale yellowish 
or greenish, later y e llowish brown to brow n . The thoracic spiracles lie 
back of the eyes on the mesothorax, flattened laterally and extending out 
from the body dorsally, each with a curve d longitudinal opening above 
and behind. Abdominal segments each with a pair of lateral spiracles. 
The anal segment may or may not bear dorso-lateral and lateral combs 
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of spines. The posterior portion of the anal segment is composed of six 
heavy sharp projections which form the pupal aster (not of taxonomic 
significance according to Miller 1951, 241 ). 
SYSTEMATICS 
Most of the Nearctic species are arranged in the subfamilies Tabani-
nae and Chrysopinae . All species in the latter possess two apical spurs 
on the hind tibia similar to those on the middle tibia (fig. 7 ). The hind 
tibia of the Tabaninae is w ithout apical spurs. 
Of the genera belonging to the subfamily Chrysopinae, only Chrysops 
Meigen contains species important as pests of man and domestic animals 
in the area under consideration. All economically important Tabaninae 
in this area belong to the genera Tabanus Linnaeus and Hybomitra En-
de rlein. 
GEOGRAPHIC DISTRIBUTION 
Widely distributed throughout the earctic Region. Philip ( 1965) lists 
304 species in 25 genera, exclusive of subspecies and subgenera, fo r this 
area. 
BIOLOGY 
Most females of this group of ins ects are persistent biters of wa rm-
blooded animals, having a wide range of hosts and particularly attacking 
the larger mammals . The males feed only on nectar; the females alsc 
feed on flowers. The males are encountered much more rarely than thE 
females. Even though the females of most tabanid species are blood-
feeders, there is still no real eviden c e that a blood meal is essential for 
the maturation of their eggs. 
Most tabanids are powe rful fliers, capable of traveling long distances 
from their breeding sites. They are among the swiftest flyers of all 
insects. They are strongly attracted to moving objects, including such 
nonliving things as automobiles and trains. They will also readily collect 
on and in a standing automobile. 
Tabanids are most abundant in hot weather. They fly mostly in sunny 
weather, seldom being seen on the wing on cloudy days. They are diurnal , 
but occasionally specimens are captured in light traps. These flies arE 
often found flying over water surfaces and dipping into or landing nea1 
water puddles on dirt roads. Hovering swarms e arly on fair cool morn-
ings have been reported for a number of species. These swarms appar-
ently consist of males . However, males dash out from the swarms anc 
copulate with passing females. Numerous observations of mating in thE 
absence of swarms have also been reported. Mating appears to be in-
itiated in the air and is usually completed at rest on nearby vegetation. 
On windy days, some species of tabanids enter structures and congre-
gate on screens or window panes. However, they do not bite at ~ucr 
times. Males may often be collected by sweeping vegetation on wind) 
days. 
The eggs of tabanids are laid in masses on leaves, stones, or othe1 
objects, usually near or over w at er. However, some species lay ove1 
moist soil or even quite dry soil. The duration of the egg stage in brigh1 
sunlight is from 5_-7 days in_ most species. Even though a fully developec 
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embryo may be present, hatching is some times delayed if the weather is 
cool and cloudy. All eggs usually hatch at the same time, the emerging 
larvae falling into the water or to the ground in a mass. After dropping 
from the egg mass , ne w ly hatched larvae soon burrow from sight or sink 
to th e bottom and burrow int o debris or mud . They are seldom seen 
the r e after . 
The larvae are pr e daceous on soft-bodied invertebrates or are sapro-
phagous. Most of the Tabanus species ar e the former, some species 
even being cannibalistic when the opportunity aris es . Chrysops lar vae 
are lar gely or entirely saprophagous , feeding mo stly on organic matter 
in the soil. The larvae move by means of a peristaltic movement and 
t e lescoping of the segments . Some species have enlarged tracheal trunks 
and can float and s w im on the w ater I s surf ac e . 
It is probable that the m a jority of North Ame rican spe cies complete 
their larval growth in 9 or 10 months . Since the rate of growth of tabanid 
larvae is so variable and the oviposition p e riod so extended (up to 2 mo.), 
however, larval de ve lopment often is not completed until the second 
s e ason. The larva is the only stage that o ve r w inte rs. 
The prepupal period begins 24-48 hours before pupation. The stage is 
distin guished by the projection of a pair of spiracles laterally at the base 
of the prothorax. These appear as s l ender white tubes projecting later -
ally and anteriorly. The head is somewhat eva ginate d and becomes im-
movably fixed and the thorax becomes slightl y swollen. The pupal period 
is r e latively short, usually ranging from 1 to 3 weeks. 
[MPORTANCE 
Tabanids are serious pests of man and animals. They take, or result 
in the loss of , large quantities of blood and caus e sufficient distress that 
normal activity by their vertebrate hosts is often nearly impossible . This 
results in loss of weight for domestic animals exposed to lar ge numbe rs 
:)f the £lies. 
It has been computed ( Cameron 1926) that a species such as Hybomitra 
Erontalis (Walker) is capable of drawing from it s host about O. 2 ml of 
blood in one completed feeding. Individual animals grazing in the open 
:)n a warm sunny day can lose about 100 ml of blood if an average of 50 
£li es succeed in engorging themselves each hour (between 8 a. m. and 
5 p. m .). During the fly season in areas where tabanids are numerous , 
:his can result in a serious reduction of animal vitality. To this must be 
:1.dded that the persistent attacks of tabanids result in an interruption of 
:1.ost feeding that further adversely affects the vitality of animals . 
In addition to harming animal vitality through interruption of feeding 
:1.nd through blood lass, tabanids have been demonstrated to transmit 
nechanically a number of diseases, including anaplasmosis , anthrax, 
~quine encephalitis, equine infectious anemia , and tularemia. A com-
?rehensi ve review of the major diseases transmitted by tabanids w as 
nade by Anthony ( 1962 ). 
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1. 
_,frons 
_ --median callus 
-compound eye 
-- -- - ----------------------- - --basal callus 
__ --- ---- - ---- - ---- --- -subcollus 
- ------ -- - ----- - ------ - --palpus 
- -- -- - - - - - - - - ------ -- - - - - - - proboscis 
Figure 1. Dorsal aspect of Tabanu s sp. (redraw n from Smart 195 6). 
Figure 2 . Anterior aspect of head of Tabanus sp. 
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A List of the Species of Tabanidae of Iowa 
angoniinae 
Stonemyia Brennan 
~(Loew) 
Goniops Aldrich 
,:,chrysocoma (Osten Sacken) 
hrysopinae 
Silvius Meigen 
guadrivittatus (Say) 
Chrys ops Mei gen 
aberrans Philip 
aestuans Van der Wulp 
,:,beameri Brennan 
brunneus Hine 
callidus Osten Sacken 
carbon~rius Walker 
,:,cinc ticornis cincticornis Walker 
i, excitans Walker 
flavidus Weidemann 
frigidus Osten Sacken 
fulvaster Osten Sacken 
indus Osten Sacken 
~'macquarti Philip 
moechus Osten Sacken 
montanus Osten Sacken 
niger Macquart 
pikei Whitney 
sackeni Hine 
seguax Williston 
striatus Osten Sacken 
univittatus Macquart 
vittatus Wiedemann 
(baninae 
l.nacimas Enderlein 
{<dodgei (Whitney) 
Atylotus Osten Sacken 
bicolor (Weidemann) 
ohioensis (Hine) 
,:,thoracicus (Hine) 
Tabanus Linnaeus 
abdominalis Fabricius 
atratus Fabricius 
calens Linnaeus 
equalis Hine 
fairchildi Stone 
ful vulus Weidemann 
lineola Fabricius 
molestus Say 
nigrescens Palisot de Beauvais 
>:<nigripes Weidemann 
orbicallus Philip 
pumilus Macquart 
guinguevittatus Weidemann 
reinwardtii Weidemann 
sackeni Fairchild 
sagax Osten Sacken 
,:, s chwardti s chwardti Philip 
similis Macquart 
,:,sparus Whitney 
stygius Say 
sulcifrons Macquart 
trimaculatus Palisot de Bea uvais 
venustus Osten Sacken 
Hybomitra Enderlein 
,:,affinis (Kirby) 
epistates (Osten Sacken) 
fr on tali s (Walker) 
illota ( Osten Sacken) 
lasiophthalma (Macquart) 
,:,metabola (McDunnough) 
trispila sodalis (Williston) 
Hamatabanus Philip 
carolinensis (Macquart) 
Species ·_not yet recorded from Iowa but likely to be found there . 
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Key to Subfamilies and Genera of Female Iowa Tabanidae 
1. Hind tibia with 2 apical spurs similar to those of middle tibia (fig. 7); 
wing with (fig. 45) or without infus cated cross band (fig. 46 ). 2 
Hind tibia without apical spurs; wing without an infuscated 
cros sband ( subfamily Tabaninae ). 
2. Flagellum of antenna with 5 distinct annuli (fig. 9) 
(subfamily Chrysopinae). 
Flagellum of antenna with 8 distinct annuli (fig. 12) 
(subfamily Pangoniinae) 
3. Pedicel of antenna more than half as long as scape (fig. 9); 
5 
3 
4 
wing with an infuscated crossband (fig. 45). Chrysops 
Pedicel of antenna a bout half as long as scape (fig. 13 ); 
wing with isolated infuscated spots but no crossband 
(fig. 46). Silvius gua·drivittatus 
4. Anterior portion of wing inf us cated. 
Wing uniformly hyaline. 
Goniops chrys ocoma 
Stonemyia ~ 
5. Frons without calli; no ocellar tubercle (as in fig. 2). Atylotus 
Frons with calli (fig. 2); ocellar tubercle present (fig. 3) 
or absent. 
6. Annulate portion of 3rd antenna! segment with distinct setae 
(fig. 14); proboscis no longer than palpus; no ocellar tubercle; 
6 
eyes pilose. Anacimas dodgei 
Not agreeing entirely with above. 7 
7. Base of 3rd antennal segment with a long dorsal hooklike 
extension (fig. 15 ); eye sparsely pi lose; wing hyaline. 
Hamatabanus carolinensis 
Base of 3rd antennal segment usually without a long hooklike 
extension (fig. 8); if long hook is present eye is bare and 
wing is infuscated. 8 
8. Ocellar tubercle present (fig. 3); eye usually distinctly pilose. 
Ocellar tubercle absent (fig. 2); eye usually bare. 
Hybomitra 
Tabanus 
Key to Females of Iowa Species of Chrysops 
1. Apical wing spot absent (fig. 29) or narrowly present (fig. 25), 
if present including at most only the apex of cell R 4 • 2 
Apical wing spot broad, including at least half of cell R 4 (figs. 35, 
37); abdomen never entirely black, always patterned. 8 
2. Apical spot absent (fig. 30). 3 
Apical spot present (fig. 25). 6 
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3, Abdomen entirely black. 4 
Abdomen with yellow middorsal triangles and lateral areas, excitans 
4. Pleuron w ith dense orange pile. cincticornis cincticornis 
Pleuron without dense orange pile, pile gray to yellow . 5 
5. Cell 2nd M hyaline (fig. 39). 
C e ll 2nd M infus cated for about half its area (fig. 2 9). 
niger 
carbonarius 
6. Frontal callus yellow , or black with yellow disc. 
Frontal callus enti rely black or blackish-brown. 
7. Tergum II with a black triangle encroaching upon the yellow 
or gray on each side of the central spot; vertex little 
sackeni 
7 
convergent posteriorly; apex of cell M 3 often hyaline (fig. 25). 
aestuans 
Tergum II generally with no black laterally; vertex more 
converge nt posteriorly; apex of cell M 3 usually infuscated 
(fig.28). callidus 
8. Cell R completely infuscated (fig. 37), usually a small sub-
hyaline spot posteriorly near its apex (fig. 35); antenna 
sle nder , never swollen (as in fig. 9). 9 
Cell R not completely inf us cated (fig. 34), usually not more 
then half, sometimes almost entirely hyaline; antenna 
slender to robust. 1 7 
9. Apex of hyaline triangle not extending anteriorly beyond 
vein M 1 (fig. 37 ). 
Apex of hyaline triangle extending anteriorly beyond 
vein M 1 (fig. 32 ). 
10. The yellow of the abdomen with 4 more or less complete 
moechus 
10 
brown or black longitudinal stripes (fig. 6 ). 11 
Abdomen with fewer than 4 stripes, or not striped. 16 
11. Frontal callus yellow. 12 
Frontal callus black. 14 
12. Apex of hyaline triangle exceeding vein Rz+3 (fig. 26). beameri 
A;,ex of hyaline triangle not or barely exceeding fur cation 
(fig.45). 13 
13. Midabdominal stripes not converging on tergum I (fig. 6); 
scutellum entirely bright yellow; wing as in fig. 45. vittatus 
Midabdominal stripes conver ging on tergum I; scutellum 
dark or with reddish margins. aberrans 
14. Lateral abdominal stripes incomplete, not present on 
terga I and II; wing patterned as in fig. 40. pikei 
Lateral abdominal stripes complete or missing on tergum I only. 15 
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15. Median yellow stripe of abdomen narrow s at the base of each 
segment; apical spot of wing fading out w ithin cell R 4 
(fig. 43 ). striatuE 
Median yellow stripe of abdomen parallel-sided; apical 
spot of wing broader, extending posteriorly beyond 
vein Rs (fig. 42 ). sequa> 
16. Abdomen with a broad yellow middorsal stripe between two 
black stripes; apical w ing spot extending posteriorly well 
past vein Rs (fig. 36) . macquart' 
Abdominal segments I and II broadly yellow laterally; apical 
wing spot barely or not extending posteriorly to vein Rs 
(fig. 35 ). indm 
1 7. Cell 1st M 2 with a dentral dilute fenestrate spot (fig. 34). 
Cell 1st M 2 w ithout such a spot (figs. 27, 44). 
fulvaste1 
u 
18. Frontal callus yellow. 
Frontal callus black. 
19. Abdomen light brown, pattern obscure; scape (and sometimes 
pedicel) of antenna prominently swollen (as in fig. 10 ); apical 
1 ( 
2( 
spot of wing fading out to hind margin (fig. 27). brunneuE 
Abdomen light brown with a distinct middorsal row of yellow 
triangles; scape and pedicel of antenna not so markedly 
swollen; apical spot ceasing abruptly in cell R 4 (fig. 32). flaviduE 
20. Abdomen black with a parallel-sided middorsal yellow stripe; 
wing as in Fig. 44. uni vittatm 
Abdomen not black w ith a parallel-sided middorsal yellow 
stripe, sometimes w ith a middorsal row of yellow triangles. 2] 
21. Apex of hyaline triangle reaching vein R 2+3 (fig. 38). 
· Apex of hyaline triangle barely reaching vein Rs (fig. 33 ). 
Key to Females of Iowa Species of Tabanus 
1. Abdomen with median and( or) sublateral pale spots; body 
length often under 18 mm. 
Abdomen unicolorous; body length over 18 mm. 
2. Wing 
Wing 
entirely hyaline ( costal cell sometimes yellowish). 
w ith definite inf us cation at least along cros sveins 
and at furcation, sometimes extensive. 
montanuE 
frigiduE 
2( 
3. Abdomen with a sharply contrasting parallel-sided median stripe. 
Abdomen without a parallel-sided stripe; median stripe, if 
present, widens apically on each tergite. 
4. Me sonotum yellowish, without stripes; frons nearly parallel-
sided; costal cell yellowish. quinquevittatu 
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Mesonotum gray or brownish with indefinite stripes; frons 
convergent below; costal cell hyaline. 
5. Scutellum concolorous with mesonotum, not reddish on 
5' 
posterior margin. lineola 
Scutellum reddish on posterior margin; sublateral abdominal 
stripes irregular. 6 
6. Legs predominantly reddish. similis 
Femora of at least fore and hind legs infuscated.' schwardti schwardti 
7. Subcallus denuded or very thinly pollinose, usually con-
colorous with basal callus. 
Subcallus pollinose, not concolorous with basal callus. 
8. Small species, body length 8-11 mm; black w ith small gray 
median triangles and oblique sublateral spots. 
Larger species, body length 11-16 mm; if black, body length 
at least 12 mm. 
nigripes 
8 
9 
10 
9. Median callus (fig. 18)broad; palpus not strongly swollen basally 
(fig. 18); tarsi lighter beneath. pumilus 
Median callus linear (fig. 19); palpus strongly swollen basally 
(fig. 19); tarsi uniformly dark. sparus 
10. Basal portion of 3rd antennal segment black except at base, 
or wholly black. 11 
Basal portion of 3rd antennal segment orange. 12 
11. Eye sparsely pilose; 3rd antennal segment orange at 
base. 
Eye bare; 3rd antennal segment entirely black. 
or bi callus 
fairchildi 
12. Frans parallel-sided, about 3 times as high as basal 
width (fig. 22 ). 
Frans narrowed at base, about 5 times as high as basal 
width (fig. 23). 
13. Palpus bright yellow, with yellow hairs, occasionally a few 
13 
black hairs; femora black. fulvulus 
Palpus white, with black hairs; femora yellow-brown. sackeni 
14. Wing with large infuscated spots, these not confined to 
the crossveins and furcation. venustus 
Wing with infuscated spots confined to the crossveins and 
fur cation. 15 
15. Scutellum white, sharply contrasting with the black base of 
the abdomen. 
Scutellum gray to brown, not sharply contrasting with the 
abdomen; abdomen gray or brown in ground color. 
16 
17 
TABANIDAE OF IOWA 323 
16. N o median white spot on ter gum II; all tibiae w hite basally 
and black apically. trimaculatus 
A me dian white spot, sometimes small, on tergum II ; 
all tibiae uniformly brown. mol estus 
1 7. Frans w ide , about 2 ½ times as hi gh as width at bas e 
(fig. 20 ). reinw ardtii 
Frans narrow, at l e ast 4 times as high as basal w idth (fig . 21). H 
1 8. Cell Rs w ide open; tibiae almost uniformly reddish. 
Cell R 5 narrowe d or clos ed at ape x (fig. 5 ); tibiae bi colored. 
19. C e ll Rs narrow ed at apex but not closed; mid femur brow nish; 
abdominal triangles distinct . sulcifronE 
C e ll Rs apically closed; all femora black ; abdominal triangles 
rathe r indistinct. abdominaliE 
20. Wing heavily and uniformly infuscated, nearly black ; body 
entirely black. 
Wing not uniformly infuscated, sometimes entirely hyaline. 
21. Wing without a spot at fur cation. 
Wing with a spot at furcat ion. 
atratuE 
2] 
calenE 
2L 
22. Mesonotum dark, concolorous w ith abdomen. nigres cern 
Mesonotum with w hite pollen and pubescence, sharply 
contrasting with abdomen. 
Key to Females of Iow a Species of Hybomitra 
1. Subcallus denuded. 
Subcallus pollinose. 
2. A-bdomen predominantly orange-brown, with a black median 
stripe; wing with heavy infuscation at crossveins and 
fur cation. lasiophthalmc 
Abdomen predominantly black, terga II and III orange laterally; 
w ing w ith light infuscation, if any, at crossveins and a small 
spot at fur cation. meta bole 
3. Abdomen black, with a median row of white triangles; no 
sublateral pale spots. trispila sodalii 
Abdomen with sublateral pale spots. 
4 . T e rga II and III orange, with black median spots less than 
one-fourth the w idth of the terga; costal margin of wing 
tinged with brown. epistate: 
Median dark areas of terga II and III alw ays at l east one-third 
the width of the terga; costal margin of wing either tinged 
with brow n or hyaline. 
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5 . Furcation w ith a distinct spot; hind tibia black; antenna as 
in fig. 16. 
Furcation without a spot; hind tibia yellow or orange. 
6. 3rd antennal segment rather stout with a strong dorsal 
process; costal margin of wing tinged w ith brown; abdomen 
black with sides of terga I to III dark- orange . affinis 
3rd antennal segment narrow, with scarcely any dorsal 
process (fi g. 17); costal margin of wing not tinged w ith brown; 
abdomen dusty brown with large orange - brow n ,s ublateral 
spots. frontalis 
Key to F emales of Iow a Species of Atylotus 
1. Thorax yellowish; pale hairs of thorax and abdomen golden. bicolor 
Thorax grayish. 2 
2, Pale hairs of abdomen w hite. ohioensis 
Pale hairs of abdomen yellow. thoracicus 
Anacimas dodgei (Whitney) 
D es cription: Length 13-15 mm. Color: brown w ith gray stripes. 
Frons: yellowish-gray, about 2½ times as high as basal width. Calli: 
basal callus dark brown, usually joined to median callus. Antenna: first 
2 segments yellow, 3rd segment blackish with yellow at the base; annuli 
with setae (fig. 14). Mesonotum: dull brown with conspicuous, narrow 
stripes. Abdomen: brown with 2 broad gray stripes. Wing: hyaline, 
costal cell and stigma yellowish. Legs: yellowish. Male : similar to 
[emale , but with first 2 antennal segments cream-colored and with some 
:>range on the pale abdominal stripes. 
Comparative notes: This is the only species of Anacimas likely to be 
[ound in Iowa. 
Biology. No information is available. 
Distribution: Nebraska to Oklahoma. Iow a: unknown. 
Atylotus bicolor (W e idemann) 
D es cription: Length: 10-15 mm. Color: yellowish, abdomen dark-
~ned medially. F rons: yellowish, about 3 times as high as basal wi dth. 
::::alli: absent. Antenna: yellow. Mesonotum: brown , with dense yellow-
nange hairs. Abdomen: yellow-orange, with a medial brown stripe 
;vhich w idens posteriorly. Wing: hyaline; veins yellow . Legs: yellow. 
viale: similar to female. 
Comparative notes: This species is larger and more yellow than the 
)ther Iowa Atylotus species. 
Biology: Both the males and females of Atylotus species are thought 
o be exclusive ly flower feeders . Both sexes are collected by sweeping 
n grass and sedges; males have been taken in rotary traps. This 
;pecies may be found through northern Iowa , but is common only in 
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_ - ocel lar tubercle 
CY 
____ compound eye 0 -- --. --- -~"°" """' 
_ ------- -- ---- -bosal callus 
lower 
colypte,_, 
5. 
6 . Chrysops vittotus 
4. 
Cuz•2A 
7. 
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--compound eye 
___ _________ _ - - --polpus 
_furcotion 
_,empodium 
_, , ,,tarsal claw 
Figure 3. Anterior aspect of head of Tabanus metabolus (redrawn from 
Stone 1938). 
Figure 4. Anterior aspect of head of Chrysops aestuans. 
Figure 5. Wing of Tabanus sp, (redrawn from Borror and DeLong 1964). 
Figure 6. Dorsal aspect of abdomen of Chrysops vittatus (female). 
Figure 7. Ventral aspect of mesothoracic t ibia and tarsus of T. atratus 
showing the two apical tibial spurs (re drawn from Bromley-19~ 
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~orsol process 
:✓----.✓\ 
annul i bo~~l portio~ -o-i- ,' pedicel 
yd ontennol 
segment 
8 . Tobonus sp. 
10. C. fulvoster 
~· 
12. Gon iops chrysocomo 
14. Anocimos dodgei 
16. Hybomitro illoto 
flo,gellum pedic7I 
,,,,- / --,\ 
9. Chrysops sp. 
11 C vit tot us 
13. Silvius sp. 
15. Homotobonus corolinensis 
17. H. frontol is 
Figures 8 to 17. Lateral aspect of antenna (figs. 12-13 redrawn from 
Brennan 1935, figs _. 14-17 redrawn from Stone 1938). 
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18. Tabonus pumil us 
19. T. sparus 
20. T. re inwardt 1i 
__ median callus 
palpus 
- --- ---- ,,001 ~ 
32 
Figures 18-20. Anterior aspect of head and lateral aspect of antenna 
and palpus (redrawn from Stone 1938). 
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2 I. Tabanus equol,s 
frons 
-22 T. sago, 
frons 
0 
23. T. sockeni 
i' igures 21 to 2 3 . Anteri or aspect of head and lateral aspect of antenna 
and palpus (re draw n fr om Stone 1938). 
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24. Chrysops oberrons 
28. C. collidus 29. C. corbonorius 
30. C. c. cincticornis 31. C. e~c,tons 
33. C. frigidus 
Figu res 24 to 35. Wing marking patterns of typical female Chrysops 
(redrawn from Brennan 1935). 
32S 
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-cell R4 
36. C. mocquorti 
hyali~e triangle 
39. C. niger 
40. C. pikei 41.C. socken i 
42. C. sequox 
- - - - - - ~'•infuscoted crossbond 
44. C. univittotus 45.C.vittotus 
., -
~ · ·, 
46 Silvius quadnv,ttatus 
Figures 36 to 45. Wing marking patterns of typical female Chrysops 
(figs. 38 and 43 r edrawn from Hays 1956, remainder from Brennan 
1935). 
Figure 46 . Wing marking pattern of female ~ guadrivittatus 
(r edrawn from Brennan 1935 ), 
TABANIDAE OF IOWA 
47. Hybomitro losiophtholmo 
48. H. frontolis 
49. Tobonus reinwordtii 
Figure 4 7, Lateral aspect of pupa of Hybomitra lasiophthalma. 
Figure 48, Lateral aspect of larva of _!i, frontalis . 
331 
Figure 49. Dorsal aspect of terminal abdominal segments of tabanid 
larva showing Graber's Organ. {All figures redrawn from Cameron 
1926 ). . . 
132 RICHARDS and KNIGHT 
)ickins on Co. A male was reared from a larva found under debris at the 
:dge of Little Wall Lake, Hamilton Co. 
Distribution: Alta. to Me., s. to Iowa and D. C. Iowa: northern half 
>f state. Iowa dates: July IO-August 6. 
Atylotus ohioens is (Hine) 
Synonymy: Tabanus ohioensis Hine, 1901, Canad. Ent. 33 :28 (new 
1ame ). Tabanus pruinosus Hine, 1900, Canad. Ent. 32 :248 (preoccupied 
>y Tabanus pruinosus Bigot). 
Description: Length 8. 5-10 mm. Color: dark gray, sides of abdomen 
>ften yellowish. Frons: yellowish to gray, about 2. 5 times as high as 
>asal width . Calli: absent. Antenna: yellow and orange. Mesonotum: 
lark gray with white hairs. Abdomen: brownish- black, the sides of 
erga I and II sometimes yellow laterally. Wing: hyaline; veins yellow-
sh. Legs: yellowish-brown, femora darkened at base. Male: similar 
o female, but terga I to II nearly always yellow laterally. 
Comparative notes: ~- thoracicus is more yellow and always has 
>atches of lighter yellow on the sides of the abdomen • ./2:· bicolor is more 
re llow and larger. 
Biology: Of 19 specimens examined, 18 were collected at Excelsior 
i'ens, Dickinson Co., Iowa. A single male was collected at Ames in 
. 926. Ten of the Iowa specimens are males, and most were swept from 
;rass. 
Distribution: Alta. to Iowa and Penn. Iowa : Dickinson and Story 
:ounties. Iowa dates: July 10-July 23: "Ames" specimen, June 19. 
Atylotus thoracicus (Hine) 
Description: L ength 8-11 mm. Color: gray and yellow. Frons: yel-
owish, 3 to 4 times as high as basal width. Calli: absent. Antenna: 
re llow and orange. Mesonotum: gray with yellowish hairs. Abdomen: 
rellowish with a medium dark area which w idens posteriorly. Wing: 
tyaline; veins yellowish. Legs: yellow. Male: similar to female, but 
,bdomen darker medially. 
Comparative notes: The gray pleura of this species separates it from 
1,... bicolor. A. ohioensis is much darker. 
~: According to Pechuman ~t .§!].. (1961), \his species (as well 
,s f:::. bi color) prefers sphagnum bogs as a larval habitat, though they 
nay have been found elsewhere. Not yet recorded from Iowa, it may be 
ound in Dickinson or Hancock counties, where there are such habitats. 
Distribution: ne. Calif. to N. S., s. to Del. Iowa: unknown. 
Chrysops aberrans Philip 
Synonymy: Chrysops striatus Osten Sacken (in part, not including 
.ectotype). 
Description: Length: 8 mm. Color: yellow and black, abdomen striped. 
i'rons: yellow. Frontal callus: yellow to brownish, rarely black. Meso-
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scutum: greenish with dark stripes. Scutellum: dark w ith lateral mar 
gins reddish. Abdome n: ye llow w ith 4 b lack stripes, the m iddle pai 
seldom united on ter gum II, the lateral ones often obsol es c ent anteriorl 
but pronounced posterior l y . Wing: a s f i gured (fi g . 24). Male: middl 
pair of abdominal stripe s converging but not quite joining on t e rgum II. 
Comparative notes: S eparated from f. striatus by Philip in 1941 
literature appearing under ~- striatus before 1941 is commonly in par 
for f· aberrans. ~- striatu s has the callus black, and the apex of th 
hyaline triangle extending anteriorly b eyond the fur cation. 
Biology: In New York, where this species is often an annoying p e st i 
and near cattail swamps, the larvae have been collected from mud on th 
edges of ponds and streams. 
Distribution: se. Canada and ne . U.S., from Ont. and Que. to low 
and Kans. e. to N. J. Iow a: eastern half. Iowa dates; July 8-Aug. 6. 
Chrysops aestuans Van der Wulp 
Synonymy: Chrysops moerens Walker 
Description: Length: 7-11 mm. Color: black with yellow a bdomina 
triangles and lateral spots. Frons: ye llow to yellow-gray. Frontal cal 
lus: black. Mes os cutum: Gray with rather wi de brown or black stripes 
Scutellum: dark; black or brownish. Abdomen: black with pale yello\ 
middorsal triangles. T e rga I and II broadly pale yellow laterally. As ; 
rule, a black triangle encroaches upon the pale yellow lateral spot ·0 1 
each side of tergum II. Wing: as figured (fi g . 25 ). L egs: variable . 
Male: darker and more pilose than female. 
Comparative notes: A variable species. Difficult to separate frorr 
C. callidus; large series of both species show much inter gradation. T, 
be separated according to key. S ee also Brennan (1935, 263,272) ani 
Pechuman (1949, 78). The abdominal pattern resembles that of~- sack· 
eni, but the callus is not entire l y black in C. sackeni. f• excita,ns is • 
larger species with no apical spot in the w ing. ~- indus has a mucl 
more extensive apical spot than~- a estuans . 
Biology:~- aestuans usually is the predominant deer fly around shal· 
low Iowa lakes with cattails and much decayed vegetation at the shore: 
(sloughs). Eight adults were reared from lar vae take nfrom suchhabitats 
Two of the larvae were dredged from the muck bottoms under 2-3 feet o 
water. A female was observed ovipositing on an emergent arrowhe a< 
plant. The eggs were collected and hatched, but none of the larvai 
reached maturity. This species frequently attacks and bites man. 
Distribution: Alaska, Canada, and n. U.S. s. to O kla . and Penn. 
Iowa: statewide. Iowa dates: June 6 - S ept . 10. 
Chrysops beameri Brennan 
Description: L e ngth: 8 mm. Color: yellow , with fuscous stripes or 
the dorsum of thorax and abdomen. F rons: yellow. Frontal callus: yel· 
low. Mesoscutum: yellowish w ith fuscous stripes. Scutellum: yellow 
often with fuscous median spot. Abdomen: ye llow, with 4 fuscous longi· 
tudinal stripes. Wing: . as figured (fig. 26 ). Legs: predominantly yellow 
4 
Comparative notes: 
s and s cutellum dark. 
black callus. 
RICHARDS and KNIGHT 
Resembles f• seguax, but £· seguax has the cal-
£• pikei has incomplete abdominal stripes and 
Biology: No information. 
Distribution: e. U. S"" Kans. to Mass., s. to Fla. Iowa: unknown; 
present, probably south and east. Iowa dates: unknown. 
Chrys ops brunneus Hine 
Description: L e ngth: 8-10 mm. Color: light brown. Frans: yellow. 
·ontal callus: yellow. Antenna: scape and pedicel greatly swollen. 
~sos cutum: yellow- brown to yellow-gray with brown stripes. Scutel-
m yellow to brown. Abdomen: yellow-brown to brown with small faint 
llow-V✓..hite middorsal triangles on terga II to V. Wing: as figured (fig. 
). Note extensive apical spot fading out to hind margin of wing. Legs: 
llow; apex of anterior tibia brow nish. Male: similar to female. 
Comparative notes: Only 3 Iowa species have swollen antennae: f• 
unneus has the most swollen antennae. C. fulvaster has a similar pic-
re, but it is a smaller species (6-8 mm)and predominantly black. f. 
,vidus is light brown, but the apical spot does not extend around the 
:1d margin of the wing. 
Biology: f. brunneus attacks with a loud buzzing noise and is quite 
gresisve in New York, according to Pechuman (1957). The species is 
t medically important in Iowa. 
Distribution: e. ands. U.S., N. Y. to Fla., Ont. to Kans., Tex., and 
·iz. Iowa: l specimen from Council Bluffs, June l 7. 
Chrysops callidus Osten Sacken 
Description: Length: 7-10 mm. Color: black with yellow abdominal 
.angles and lateral spots. Frans: yellow to yellow-gray. Frontal 
llus: black. Mesoscutum: gray with brown stripes. Scutellum: dark, 
ay- green to brown. Abdomen: black with pale yellow to gray middorsal 
.angles. Terga I and II broadly pale yellow to gray laterally. As a 
le, no black is present laterally on tergum II. Wing: as figured (fig. 
). Legs: yellow and black. Male: similar to female; more densely 
lose; greater portion of legs black. 
Comparative notes: Difficult to separate from f. aestuans. See notes 
der f. aestuans. 
Biology: This species is frequently encountered in wooded areas near 
lter. A single larva was collected from shallow water near the edge of 
Noods~surrounded pond. 
Distribution: e. U.S. and se. Canada. Iowa: statewide; more south-
n records for this species than for the closely allied f. aestuans. Iowa 
tes: May 22 - Aug . . 4. 
Chrysops carbonarius Walker 
Synonymy: Chrys ops fugax Osten Sac ken. 
Description: Length: 6. 5-9 mm. Color: black. Frans: yellow. 
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Frontal callus black. Mesoscutum: pleuron dull black w ith pale pubes-
cence. Scutellum black, sometimes with greenish pubescence. Abdomen 
black. Wing as figured (fig. 29). No apical spot; both basal cells more 
than half infuscated. Male: both basal cells infuscated; dilute infuscation 
in anal area area of wing. 
Comparative notes: The only other entirely black Iowa species are 
.f• .£.• cincticornis and _f. niger. f . .£.• cincticornis has bright orange 
pile on the pleura. g_. niger has cell 2nd M hyaline, while this cell is 
more than half infuscated in .f. carbonarius . f. excitans also lacks an 
apical spot, but is not entirely black. g_. mi tis, which is not reported 
from Iowa, is larger and has no hyaline spot at the base of cell Cu2 • 
Biology: In New York, this is the first species to appear, reaching a 
peak in early June. The larvae we re found in mud and plant debris on 
the edges of ponds and streams, often under several inches of water 
(Pechuman 1957). Stone ( 1930) reports that it r eadily attacks man and 
cattle and apparently is an abundant and economic species in the northern 
part of its range. g_. carbonarius is not common in Iowa; there is one 
record of a man being bitten by the species. 
Distribution: Alaska and Canada, throughout the northern states in 
Calif., Colo., and Ga. Iowa: recorded only from eastern quarter of 
Iowa. Iowa dates: June 6 - Sept. 20 (most records from June). 
Chrysops cincticornis cincticornis Walker 
Synonymy: Chrysops celer Osten Sacken. 
Description: Length: 8 -11 mm. Color: black. F rons: yellow-gray. 
Frontal callus: black. Me sos cutum: black, with dense orange pile on 
pleuron. Scutellum: black. ' Abdomen: black. Legs: mostly black. 
Wing: as figured (fig. 30 ). Male : pleuron without orange pile. Cell 1st 
A of wings infuscated; greater extent of infuscation in cells R and 2nd M. 
Comparative notes: The orange pile of the female .f . .£.· cincticornis 
distinguishes it from other entire ly black Iowa species. g_. excitans has 
orange pile but also has abdominal triangles. The male is distinguished 
from that of g_. niger by the hyaline spots at the apex of the basal cells, 
occupying the whole width of these c ells; from that of _f. carbonarius by 
the crossband practically filling out c ell M3 ; from that of .f. excitans by 
the wholly black pubescence of the abdomen and e ntirely black antenna 
(Brennan 1935, 276). 
Biology: The egg mass is unique for a Chrysops since it is brown and 
is in several layers much like a Tabanus egg mass. C. c. cincticornis 
is annoying to man and lives to c k ea rly in the season in Ne; York (Pechu-
man 1957). 
Distribution: Sask. to N . S., s. to Okla. and Ga. Iowa: no Iowa re-
cords. 
Chrysops excitans Walker 
Description: Length: 7-12 mm. Color: black with a large yellow 
spot on each side of the abdomen near base. Ye llow middorsal triangles 
usually present. Frans: yellow to gray, black around ocelli; frontocly-
peus black w ith a yellow stripe. Frontal callus; shining black, very wide. 
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Mesoscutum : black w ith y e llow hairs; pleuron w i th dense yellow - orange 
pile . Scute llum: black w ith dens e ly yellowish pubescence . Abd omen : 
variable. Black with a ye llow lateral spot on each side near the base, 
sometimes extending to t ergum IV . A yellow middorsal triangl e is pr e s-
e nt on tergum II, and fainter triangles often occur on terga II and IV. 
Very small specime~s lack all markings exc e pt for the yellow late ral 
spots confined to terga I and II. Wing : as figured (fig . 31). No apical 
spot. L eg s: mostly black. Male: much darker than female, w ith pale 
abdominal markings reduced or obsolete. 
Comparati ve notes: D e spit e the extreme va riation in size and ab-
dominal patte rn, this species is distinct from others likely to be found in 
Iowa . The other Iow a species lacking an apical spot in the wing have no 
yellow in the abdome n. This is one of the lar ges t species in Iowa. 
Biology : The lar vae have been collected in mud along the margins of 
ponds and lakes . 
D istribution: From Alas ka and Nfld. to Calif. and N . J., als o Ga. 
Iowa: This species is abundant in northern and c e ntral Minnesota. It has 
not been reported from Iowa , but is p e rhaps present in northern I owa . 
Chrys ops £la vidus Weidemann 
Description: L ength: 7-10 mm. C olor : yellow , with brown abdomi-
nal stripe s . F rons: yellow, including the ar e a surrounding the ocelli. 
Frontal callus: yellow with a brown spot at bas e . Abdomen: light brown 
with middorsal row of yellow triangles. Each t e r gum banded poste riorly 
with ye llow . T e rga I, II, and sometimes III yellow laterally. Wing: as 
figured (fi g . 32). Legs: yellow; apex of fore tibia darkened . Male: like 
female; more densely pilose. 
Comparative notes: Two Iow a spe cies, f . flavidus and f. brunneus, 
have light brow n and yellow abdominal patte rns. £· brunneus has the 
apical spot very broad, extending around the wing apex and along the 
posterior border. 
Biology: The larvae are found in very wet situations, often under a 
foot of water . This specie s is quite annoying to man in Florida. 
Distribution: eastern half of U.S ., from N . Y . to Fla., Iowa to Mexico. 
Iowa: southern. Iowa dat e s: July 18 - July 23 (2 specimens). 
Chrys o p s frigidus Osten Sacken 
D es cription: L ength : 6. 5-8 mm. Color: black and yellow-orange. 
F rons: yellow-gray, black around ocelli. Frontoclypeus shining black 
with a median yellow pollinose stripe. Frontal callus: black. Mesa-
s cutum: black with faint yellow stripes; pleuron with bright yellow pile. 
Scutellum: black. Abdomen: tergum I yellow with a black median spot; 
tergum II yellow with a black median rectangle which does not extend to 
the posterior border. R emaining terga black with narrow yellow hind 
margins. Wing: as figured (fig. 33 ). L egs : black and yellow. Male: 
similar to female. 
Comparative notes: Abdominal pattern is distinctive though variable: 
no other Iowa species has the abdomen black, with terga I and II yellow-
orange laterally. 
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Biology : Of retiring habits and not at all aggressive, this species 
prefers swampy woods (Pechuman 1957). 
Distribution: Canada and n . U.S., as far s. as Ore g. , Colo., n. Iowa 
and N. J. Iowa: northern border. Iowa dates: June 15 (2 specimens 
from Pilot Knob State Park). 
Chrys ops fulvaster Osten Sac ken 
Description: Length 6- 8 mm. Color: gray or brown with yellow-gray 
abdominal triangles. Frons: yellow; black denuded spot around ocelli . 
Frontal callus; yellow with brown upper margin . Antenna: scape swolle n; 
flagellum scarcely longer than scape (fig. 10). Mesoscutum: yellow-
brown or brown with dark stripes. Abdomen: terga I and II yellowish or 
yellow-gray in ground color; tergum I w ith black spot beneath s cutellum; 
tergum II with a median pair of oblique black spots, sometimes nearly 
united at the anterior margin. Remaining terga black with yellowish hind 
margins which expand to form middorsal triangles . Wing: as figured 
(fig. 34). Cell 1st M 2 centrally lighter or hyaline; hyaline triangle en-
closed. Legs: yellow with black joints and tarsi. Male: mostly black. 
Abdomen black, all terga w ith narrow yellow hind margins which expand 
into very small middorsal triangles. Tergum II often yellow laterally. 
Wing very heavily and extensively infuscated. 
Comparative notes: This species is distinct from all other Iowa spe -
cies by virtue of the swollen scape of the antenna and of the hyaline area 
in the l st M 2 cell. 
Biology: This species is a"bundant in the western pra1nes. All Iowa 
specimens examined have been collected in Dickinson Co., most of these 
from E xcelsior Fens, an area containing about 20 alkaline bogs. Speci -
mens were taken in Colorado around alkali-depositing streams. This 
species readily attacks man, though it is encountered only in specialized 
habitats in Iowa. 
Distribution: w. Canada and U.S. from Alta . and Sask. to Minn., s. 
to Calif., Ariz., and O kla . Iowa: 28 specimens, all from Dickinson C o . 
Philip(l93l)reports that£_. fulvaster is found only in the extreme south-
west corner of Minnesota, whi ch is adjacent to Dickinson Co., Iowa. 
These two locations probably show the eastern limit of the range of this 
species . Iowa dates: June 15 - July 23. 
Chrys ops ind us Osten Sacken 
Description: Length: 6-1 0 mm. Color: yellow and black, abdominal 
pattern bright. F rons : yellow to gray , darker at vertex. Frontal callus: 
black. Mesoscutum: gray with brown stripes . Scutellum: dark brown. 
Abdomen: yellow with two wide black stripes converging on tergum II; 
yellow between stripes appears as a row of triangles. Wing: as figured 
(fig. 35 ). Note apex of hyaline triangle just exceeding fur cation. Legs: 
mostly yellow; apex of fore tibia black. Male: much darker than female. 
Comparative notes: Abdominal pattern resembles those of _g. sackeni , 
_g. striatus, and some _g. montanus. But none of these species have the 
apical spot so widely joined to the crossband, and the hyaline triangle 
barely exceeding the furcation. 
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Biology: The larvae have been found in mud and plant debris along 
creeks and the edges of ponds. According to Pechuman (1957), f· indus 
is aggressive and sometimes quite annoying in New York. Though not 
widespread in Iowa, it frequently attacks humans within its range. 
Distribution: se. Canada and ne. quarter of U .S., from Que. to N . 
Car., Ont. and Minn. to Ill. and Iowa. Also Colo. Iowa: northeastern 
quarter. Iow a dates: June 8 - Aug. 2. 
Chrys o ps macquarti Philip 
Synonymy: Chrysops uni vittatus of authors, not Macquart . Before 
1961, this we ll-known species was misidentified as f. univittatus Mac-
quart. Most of the literature appearing under f• univittatus Macquart 
previous to 1961 applies to ~- macguarti (Philip 1961 ). 
Description: Length: 6 - 8. 5 mm. Color: black with a yellow abdomi-
nal stripe. F rons: yellow - gray. F rental callus: black. Mesoscutum: 
yellow- gray w ith 3 brown stripes. Scutellum: brown, or yellow with 
brown borders. Abdomen: black with a conspicuous yellow median stripe; 
terga I to IV with lateral margins yellow . Wing: as figured (fig. 36). 
Legs: mostly yellow; fore tibia black except at base. Male: similar to 
female; less yellow on lateral margins of abdominal terga. 
Comparative notes: some females of f. moechus and f. univittatus 
have similar abdominal patterns, but the hyaline triangle of ~- moechus 
is more reduced, and that off· univittatus is more extensive than in f. 
macguarti. 
Biology: This species provides one of the few records of Chrysops 
feeding on birds. Anthony and Richey ( 1958) collected a few feeding on 
isolated turkeys in South Carolina. In New York it is sometimes ex-
tremely abundant and, during its flight season, is a pest of man and ani-
mals (Pe chuman 1957 ). 
Distribution: se. Canada and e. U. S., from Que. and Maine to Fla., 
Minn.- to Nebr. and La. Iowa: not reported but likely occurs here. 
Chrysops moechus Osten Sacken 
Description: Length: 7-8 mm. Color: yellow with black abdominal 
stripes . Frans: yellow. Frontal callus: black. Mesoscutum: gray-
5reen with brown stripes. Scutellum: yellow with a dark spot on the disc. 
A..bdomen: yellow with two black stripes which usually converge at the 
:1.nterior margin of tergum II; a median black spot on tergum I. Lateral 
::>lack stripes sometimes present, or abdomen quite dark laterally. Wing: 
:1.s figured (fig. 37 ). Legs: mostly yellow; base of hind femur and apex of 
:ront tibia black. Male: much different from female, but readily asso-. 
:iated by hyaline triangle of wing. Whole body black, except for traces 
)f yellow on thorax and sides of abdomen. 
Comparative notes: Distinct from all other Nearctic species by virtue 
)f the small hyaline triangle not exceeding vein M 1• Abdominal pattern 
resembles that off. macguarti. 
Biology: The egg mass of this species is unusual in that-the individual 
~ggs are deposited almost at right angles to the leaf and do not overlap 
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each other as is usual in Chrysops. In New York, this species is an ag-
gressive and serious pest under certain conditions, attacking man and 
animals in the late afternoon and even after dark (~echuman 1957). 
Distribution: e. U. S. , from Que. to Fla. , Minn. to Okla. Iowa: 
northeast corner. Iowa dates: Aug. 2 ( 4 specimens from Allamakee Co.). 
Chrysops montanus Osten Sacken 
Description: Length: 7. 5-10 mm. Color: yellow with black abdomi-
nal pattern. Frans: yellow, darker near vertex. Frontal callus: black. 
Mesoscutum: greenish with 3 black stripes. Scutellum: greenish. Ab-
domen: yellow with 4 black stripes, the median pair usually converging 
on tergum II; a black quadrate spot beneath the scutellum on tergum I; 
lateral stripes sometimes interrupted by black hind margins of terga III 
and IV. Wing: as figured (fig. 38). Legs: mostly yellow; apex of front 
tibia, base of hind femur, and tarsi black. Male: darker than female; 
wing with greater infuscation. 
Comparative notes: The hyaline cell R should distinguish£• montanus 
from all other Iowa species having similar abdominal patterns (C. stria-
tus and f• indus). - --
Biology: One adult was reared from a pupa taken from the edge of a 
cattail swamp near Ames, Iowa. One of us (LR) was attacked by large 
numbers of this species on a hot July day in an open meadow near Lake 
Aquabi, Warren Co., Iowa. 
Distribution: se. Canada and e. U.S. , from Que. to Fla. , Ont. and 
Minn. to Tex. Iowa: central. Iowa dates: June 19 - July 19. 
Chrysops niger Macquart 
Description: Length: 6. 5-10 mm. Color: black. Frans: yellow, with 
large black area around ocelli; frontoclypeus yellow. Frontal callus: 
black. Mesoscutum: dark. Scutellum: black. Abdomen: black. Wing: 
as figured (fig. 39); cell R infuscated, cell 2nd M hyaline; no apical spot. 
Legs; mostly black. Male: both cells Rand 2nd M infuscated. 
Comparative notes: The yellow frontoclypeus and hyaline cell 2nd M 
readily separate this species from all others of the group lacking an 
apical spot. 
Biology: The larvae seems tolerant of many conditions, and they have 
been collected from such varied habitats as stagnant mud and plant debris 
on the edge of a pool, from the mud on the banks of a small brook, from 
wet soil under trees, from the margin of a brackish pool, and in sandy 
areas swept daily by tides. An early season form, sometimes extremely 
abundant in New York, this species is especially a pest of livestock but 
also annoying to man (Pechuman 1957). 
Distribution: e. half of U.S. and Canada. Me. to Ga., Minn. to Alaska. 
Also Mont. Iowa: eastern half. Iowa dates: May 19 - June 14. 
Description: 
striped. F rons: 
Chrysops pikei Whitney 
Length: 6. 5-8 mm. Color: yellow and black, abdomen 
yellow, black around ocelli. . Frontal callus: black. 
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Mesoscutum: gray-green with dark stripes. Scute llum: yellow-orange 
with a dark spot on the disc. Abdomen yellow with 4 dorsal black stripes, 
the median pair complete, often merging on tergum I; lateral stripes in-
complete, not pres ent on terga I and II. Wing: As figured (fig. 40). Legs: 
yellow; apical half of fore tibia black. Male: similar to female. 
Comparati ve notes: Five species might be confused w ith ~- pikei; 
their distinguishing features are as follows: vitattus: yellow callus and 
scutellum, seguax: lateral abdominal stripes complete, striatus: median 
yellow stripe of abdomen narrowed at the bas e of each segment, aberrans: 
yellow callus; hyaline triangle confined behind vein R 4 , moechus: hyaline 
triangle confined behind vein M 1• 
Biology: Chrysops pikei is the most numerous and troublesome spe-
cies in most localities in central Iow a. It is most common in woods , and 
its presence sometimes makes horseback riding impossibl e in timber. 
It attacks especially the ears of domestic animals. It is also a persistent 
pest of man and will return repeatedly after being brushed off. The lar-
vae are found along the banks of streams and ponds. 
Distribution: e. half of U.S., from N. Y. to Fla., Wisc. to Tex. Iowa: 
widespread, especially central and eastern Iowa. Iowa dates: May 10 -
Sept. 13 (most records from June and July). 
Chrysops sackeni Hine 
Description: Length: 7. 5-1 0. 5 mm. Color: black and yellow. F rons: 
yellow to yellow-gray. Frontal callus: variable; yellow with black upper 
margin, black with yellow on the disc, or wholly black. Mesoscutum: 
gray with 3 brown to black stripes. Scutellum: dark brown, sometimes 
with yellow margins. Abdomen: yellow with a dominant black pattern; a 
broad blackquadrate spot beneath the scutellum, nearly reaching a heavy 
inverted V-shaped spot on tergum II which often follows along the poste-
rior margin. Remaining terga black with yellow posterior margins and 
middorsal triangles. Wing: as figured (fig. 41); apical spot at base just 
posteriorly exceeding vein R 2+3 • Legs: ·mostly yellow, with darkened 
tarsi and fore tibia. Male: black figures on abdominal terga I and II 
much broader; yellow hind margins of remaining terga narrower and 
middorsal triangles smaller. 
Comparative notes: Resembles f. aestuans and f• callidus, but the 
wing has a wider apical spot, at its base exceeding vein Rz+3 • In ~-~ 
tanus, the apical spot includes half of cell R 4 • 
Biology: In New York, the larvae were collected in mud on edges of 
permanent and temporary ponds and in organic material on the edge of 
salt marshes (Pechuman 1957 ). 
Distribution: se. Canada and e. U.S., from Que. to Fla., Minn. and 
Iowa to Tenn. Iowa: north central. Iowa dates: June 1 - July 17. 
Chrysops seguax Williston 
Description: Length: 8-9 mm. Color: yellow and black, abdomen 
striped. Frans yellow, black around ocelli. Frontal callus black, some-
times with some yellow. Mesoscutum gray to yellow with dark stripes. 
Scutellum: gray-green pollinose to black, sometimes with yellow at tip. 
Abdomen yellow with 4 complete dorsal black stripes. Wing as figured 
(fig. 42 ); apex of hyaline triangle exceeds vein R 2+3• Legs yellow and 
brown. Male: darker than female; cell 2nd M about half infuscated. 
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Comparative notes: Closely related to ~- pikei, but ~- pikei has the 
lateral abdominal stripes incomplete, not appearing on terga I and II. 
Also, the hyaline triangle of g_. pikei barely attains ve in R 2+3 • g_. beam-
eri has a similar wing picture, but has a yellow callu s. 
Biology: During the summer of 1964, 30 specimens w e re taken in the 
act of biting or annoying humans along Iowa streams. Fifte e n more 
spe cimens were taken annoying or biting humans on E x c e lsior F e ns in 
Dickinson Co. In one cas e , a single fly raised a welt 2 inche s long and 
an inch wide on the back of a man. Five larvae were collected from thick 
mud at the edge of a drainage ditch in Dickinson Co. 
Distribution: C e ntral and e. U .S. , Colo. to Ohio, s. to Okla. and Ga. 
Iow a: north, central, and southeast . Iowa dates: July 5 - Sept. 9. 
Chrys ops striatus Osten Sac ken 
Description: L e ngth: 7-9. 5 mm. Color: yellow and black, abdomen 
striped. Frons: yellow-gray, black around ocelli. Frontal callus; black. 
Mesoscutum : greenish in ground color, with black stripes. Scutellum: 
black, often lighter at the e dges . Abdomen: yellow with 4 black stripes; 
the median pair broad and close together, often joining on tergum II. 
Sometimes the median yellow area between these stripes appears as a 
row of triangles. Wing: as figured (fig. 43). Male: yellow areas re -
duced; cell 2nd M largely infos cated. 
Comparative notes: Three species might be confused with C. striatus; 
their distinguishing features are: ~- aberrans: hyaline triangle does not 
reach forward of the furcation;_ callus yellow or brown, never black. £• 
vittatus : · scutellum and callus bright yellow . ~- sequax: apical spot 
broader. 
Biology: In New York, the larvae were collected in mud on the edges 
of ponds and in sandy soil swept by tides; the adults are common in 
swamps. g_. striatus is not common in Iowa. 
Distribution: n. and e. U .S., from N . Dak. to N. B., s. to La. and S. 
Car •. Iowa: northern. Iowa dates : June 21 - Aug. 5. 
Chrysops univittatus Macquart 
Synonymy: Chrysops wiedemanni Krober. (Not the Chrysops univitta-
tus of authors) 
Description: Length 6 . 5-8 mm. C olor: black, with a yellow median 
abdominal stripe. F rons: yellow , black around ocelli. Frontal callus: 
black. Mesoscutum: g r eenish with 3 brown stripes. Scutellum: green-
ish, sometimes yellow at the tip. Abdomen: black with a conspicuous 
yellow median stripe; often with some ye llow laterally on the first several 
terga . Wing: as figured (fig. 44). Legs: mostly yellow; fore tibia black 
e xcept at base. Male: cell R infuscated. 
Comparative notes: ~- macguarti has a similar abdominal pattern but 
has a much smaller hyaline triangle and has cell R infuscated. 
Biology: Unlike most deer flies it is quiet in its attack. Often the first 
indication of its presence is a sharp pain back of the ear or on the cheek. 
It is partial to wooded areas (Pechuman 1957). Eight larvae were col-
lected at the edge of a cattail swamp near A me s, Iowa. 
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Distribution: se. Canada and e. U.S., from Minn. to N. S., s. to Kans., 
La., and Fla. Iowa: mostly southern. Iowa dates: June 23 - Aug. 6 (1 
specimen - Sept. 6 ). 
Chrysops vittatus Wiedemann 
Description: Length: 6. 5-10 mm. Color: yellow and black, abdomen 
striped. F rons: yellow, black around ocelli. Antenna : as figured (fig. 
11 ). Frontal callus: yellow. Mesoscutum : yellow with black stripes. 
Scutellum: bright yellow. Abdomen: yellow, with ~ dorsal stripes, the 
median pair usually complete, the lateral ones usually incomplete (fi g. 6). 
Wing: as figured (fig. 45 ). L eg s: predominently yellow. Male: like 
female, but lateral abdominal stripes sometimes reaching tergum I. 
Comparative notes: The bright yellow callus, s cutellum, and legs 
serve to distinguish _g. vittatus from other Iow a species. 
Biology: This is one of the most common Iowa deer flies. It is often 
troublesome in woods, though it is not as persistent in its attack as are 
some species. It is the commonest deer fly in New York, where it is a 
severe pest of livestock, but seems to show a definite preference for 
humans (Pechuman 1957). 
Distribution: e. half of U.S., from Me . to Fla . , Minn. to Tex. Iowa: 
widespread especially common in central and eastern Iowa. Iowa dates: 
Apr. 4 - Oct. (most records for July and Aug. ). 
Goniops chrysocoma (Osten Sacken) 
Description: Length 9. 5-14 mm. Color: straw-yellow; anterior por-
tion of wings infuscated. Frons: yellow pollinose. Antenna: as figured 
(fig. 12). Palpus: yellow with short black hairs. Thorax: yellow to 
reddish yellow. Abdomen: straw -yellow, each segment darkened ante-
riorly. Wing: anterior half infuscated. Legs: pale yellow. Male: dark 
brown, abdominal segments lighter apically. 
Comparative notes: This is the only species of Goniops. The peculiar 
habitus of the species (wings much surpassing the short globose abdomen) 
distinguishes it from all other North American Tabanidae. 
Biology: Schwardt ( 1936) has made a study of the biology of this s pe-
cies. The female apparently takes no food, the eggs forming, as in the 
Oestridae, from food taken while the fly is in the larval stage. After ovi-
positing on a leaf, the female stands over the eggs and forces her tarsal 
claws through the leaf, forming a "roof" over the eggs. She remains in 
this position, vibrating her wings when disturbed, until she dies and falls 
from the leaf, usually a few hours after the eggs hatch. 
Distribution: Ont. and Mich., s. to Ark. and S. Car. Iowa: unknown; 
may be present. 
Hamatabanus carolinensis (Macquart) 
Synonymy: Tabanus scitus Walker. 
Description: Length: 13-16 mm. Color: dull brown, with 3 rows of 
white abdominal spots. Frons: gray with black hairs at vertex, about 
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3 times as high as basal width . Calli: basal callus reddish-brown, wide 
median callus surrounded by a dull - brown area. Antenna: orange- brown 
annuli darker; 3rd segment with a hooklike dorsobasal process (fig. 15). 
Mesonotum: reddish-brown with gray stripes. Abdomen: variable 
brown with 3 rows of white spots. Prominent triangle on at least tergurr 
II ; sublateral spots of terga I and II may form indefinite white areas . 
Wing: hyaline; ve ins brown. L egs : r e ddish- brown, Male: darker thar 
female. 
Comparative notes: no other Iowa tabanid of this size has a hooklike 
dorsal extension on the antenna. 
Biology: This species has been taken as far north as Wisconsin, bu· 
is more abundant in the southern part of its range. 
Distribution: Wisc. to Md., s. to Iowa and Fla. Iowa : unknown. 
Hybomitra affinis (Kirby) 
D escription: L e ngth: 16-19 mm. Color: black, abdomen with darl 
orange laterally. Frans: yellowish- brown, about 4 times as high ai 
basal width . Calli: basal callus dark brown or black, subquadrate, usu 
ally joined to the spindle - shaped median callus. Antenna: orange, 3r< 
segment black apically; annuli black. Mesonotum: black with faint gra) 
lines. Abdomen: black, the sides of terga I to III or I to IV dark orange 
hind margins of terga w ith narrow, pale yellow margins. Wing: nearl~ 
hyaline, costal cell tinged with brown. Le gs : femora and apex of fo ri 
tibia black; tibiae mostly r eddish- orange. Male: dorsal black stripe o 
abdomen narrower than in female. 
Comparative notes: Hybomitra affinis is the largest Nearctic specie: 
in the genus, _H. epistates is a smaller species with a much narrowe : 
black median area on the abdomen. The abdominal pattern of _H. frontali: 
is duller; the sublateral orange spots are not deep shiny orange as in .H 
affinis. 
Biology: This species is a serious pest of warm-blooded animal: 
throughout Canada and the northern States. Hovering swarms of male: 
have been reported. 
Distribution: Alaska to Labr., s . to Ariz . and N. J. Iowa: not re· 
ported from Iowa; possibly occurs in northern part. 
Hybomitra epistates (Osten Sacken) 
Description: Length: 13-16 mm. Color: blackish, with sides of ab· 
domen orange. Frens: yellowish - gray , about 5 times as high as bas a 
width. Calli: basal callus dull black, subquadrate, joined to the linea 
median callus. Antenna: orange, apex of 3rd segment and annuli dark· 
ened. Mesonotum: dark gray, the lighter stripes very ir,distinct. Ab 
domen: black, with sides of te rga I-IV broadly orange. The median blac: 
area on tergum III less than one - fourth the width of the tergum. Wing 
costal margin tinged with brown. Legs: femora blackish; tibiae most l 
orange. Male: similar to female . 
Comparative notes: The pollinose subcallus, unspotted wing with cos 
tal mar gin brownish, and narrow black abdominal stripe widening tow ar 
apex distinguish this species. 
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Biology: One of us (KK) collected 5 male, . .:,c ,his northe rn species at 
ort Defiance Stat e Park in Dickin~ur C o ., I owa . The flies were flying 
long a path; as soon as the collector made a ~apture, another fly would 
ppear. The hovering flies made a l olld buzzing. Swarming by the males 
f !i· epistates has also been reported by others . No other collection of 
1is species has been made in Iowa. 
Philip(l931) states that it occurs later in the season than many Hybo-
1itra. 
Distribution: Alaska to N. S., s. to Oreg., Colo., and N. J., Man-
h.uria. Iowa: 5 specimens, Dickinson Co., July 19. 
Hybomitra frontalis (Walker) 
Synonymy: Tabanus septentrionalis Loew . 
Description: Length: 12-16 mm. Color: brownish, with prominent 
range sublateral spots. Frans: yellowish-gray, about 3. 5 times as 
igb. as basal width. Calli: basal callus dark brown to black, subquad-
1te, not joined to the small median callus. Antenna: first two segments 
ray, 3rd segment orange basally, black apically (fig. 17). Mesonotum: 
'l.r~ brown to black with faint stripes. Abdomen: dark brown to black, 
ith. a median row of narrow yellow triangles and large, confluent, orange 
.1blateral spots. Wing: nearly hyaline. Legs: femora dark gray; tibiae 
ght brown, apex of fore tibia darkened. Larva: as figured (fig. 48 ). 
Comparative notes: This is a variable species, especially in the ab-
Jminal coloration. In some specimens the sublateral spots are small 
1d grayish. The abdomen is more narrow than in most other Hybomitra. 
Biology: Philip(l931) reported that this species (referred to as Taba -
~ septentrionalis) was very abundant at certain times in northern Min-
:!Sota, and that it was infrequently taken in the southern half of that state. 
L Iowa, it is known only from Dickinson Co., which borders Minnesota 
1d contains some unique relict habitats. 
Distribution: Alaska to Labr., s. to Utah and N. Y. Iowa: Dickinson 
o. Iowa dates: June 30 - July 27. 
Hybomitra illota (Osten Sacken) 
Description: Length: 11-14 mm. Color: black, abdomen with gray to 
~d sublateral spots and faint median triangles. Frans: grayish-brown , 
:>0ut 4 times as high as basal width. Calli: basal callus dark shiny 
rown, subquadrate, usually joined to short, narrow median callus. An-
:nna: orange, 3rd segment dark apically; annuli black (fig. 16). Meso-
)tum: dull black with gray stripes. Abdomen: black with faint gray 
.iddorsal triangles and gray to red, rounded sublateral spots. Wing: 
raline; faint brown spots at fur cation and cros sveins. Legs: mostly 
uk gray to brown. Male : similar to female; legs darker and sublateral 
)dominal spots more extensive . 
Comparative notes: This is the only dusty black Iowa species of Hybo-
itra; !i· trispila sodalis has a more contrasting abdominal pattern and 
~ay wings. 
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Biology: This species is a common and persistent stock pest in the 
northern half of Minnesota, appearing a little later in the season than _H. 
metabola ( Philip 1931 ). Northern Iowa is probably the southernmost ex-
tent of its range. 
Distribution: Alaska to Que., s. to Wash., Iowa, and Penn. Iowa: 
unknown, probably northern. 
Hybomitra lasiophthalmus (Macquart) 
Description: L ength: 12-15 mm. Color: abdomen orange and yellov;, 
with median black stripe; wings spotted. F rons: yellowish-gray, about 
3. 5 times as high as basal width . Calli: basal callus brown to black , 
subquadrate, not joined to median callus; subcallus denuded. Antenna: 
orange and black. Mesonotum: black, with yellowish-gray strip~s. Ab-
domen: orange with a black median stripe; oblique yellow sublate:ral spots 
on terga II to V, Wing: hyaline; cross veins and furcation heavily infus-
cated. Legs: femora mostly gray; tibiae mostly yellow-brown. Male: 
similar to female. Pupa: as figured (fig. 47). 
Comparative notes: _H. metabola is the only other Iowa species witb 
the subcallus denuded; the black on its abdomen is much more extens ive 
than in _H. lasiophthalmus. 
Biology: This is th e only very common Iowa Hybomitra. It, causes 
considerable annoyance to livestock. This is an early appearing species; 
in Iowa, very few collections are made after June. Females have been 
taken in cars and buildings, and males at "black lights." The ma_les have 
been observed to hover in clearings. The eggs are placed on vegetation 
in damp areas, but not necessarily over water. An excess of cementing 
material makes the egg mass resemble a drop of tar (Marchand 1920). 
Distribution: Alaska to N. S., s. to Tex. and Fla. Iowa: statewide. 
Iowa dates: May 3 - July 3. 
Hybomitra metabola (McDunnough) 
Description: Length: 12-14 mm. Color: blackish, sides of terga IJ 
and III orange. F rons: gray, about 3 times as high as basal width. Calli: 
basal callus dark brown, short, not joined to wide median callus. Sub-
callus denuded. Antenna: orange, apex of 3rd segment and annuli black. 
Mesonotum: black with narrow gray stripes. Abdomen: black with large 
orange sublateral spots on terga II and III, smaller spots on terga IV and 
V; faint midabdominal triangles may be present. Wing: hyaline; costal 
cell brown and a small brown spot at the furcation. Legs: dark brown to 
black. Male: similar to female. 
Comparative notes: ..!i· lasiophthalmus is the only Iowa species be-
sides H. metabola which has a denuded subcallus. The former has much 
less bI;:ck on the abdomen. 
Biology: According to Philip ( 1931 ), this ea rly appearing speci es is 
not abundant anywhere in Minnesota. Since it has been recorded from 
Minnesota and Illinois, it is included here. 
Distribution: Alaska to Labr . , s. to Colo. and N . Y. Iowa: no re-
cords. 
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Hybomitra trispila sodalis (Williston) 
Description: Length: 12-16 mm. Color: black, with a midabdominal 
row of whitish triangles; wings smoky. Frans: gray, about 3. 5 times as 
high as basal width. Calli: basal callus dark brown to black, rarely 
joined to the slender, concolorous median callus . Antenna: orange, apex 
of 3rd segment and annuli black. Mesonotum: black with faint gray 
stripes. Abdomen: black with a me dian row of gray to white , contrast-
ing triangles, those on terga I and V small, the others large. Wing: 
smoky gray to nearly black. Legs: brow nish-black. Male : legs darker; 
sides of abdomen often tinted with orange. 
Comparative notes: This is the only Iowa Hybomitra with uniformly 
dusky wings. 
Biology: This species has been taken at a few locations in Minnesota, 
appearing late in the season (Philip 1931 ). One female was swept from 
grass near the Iowa Lakeside Laboratory, Dickinson Co., Iowa, an area 
that has given the single record for several other generally more north-
ern species. 
Distribution: Wisc. to Me., s. to Ga. mountains . Iowa: northern. 
Iowa dates: 1 specimen, July 13. 
Silvius guadri vittatus (Say) 
_Description: Length: 7-10 mm. Color: gray or yellow-gray. Face: 
yellowish-gray pollinose. Callus: black, half the width of vertex. Thorax: 
yellow-gray. Abdomen: yellow-gray or gray with 4 rows of black vittate 
spots. Wings: as figured (fig. 46); with isolated brown spots. Legs: 
mostly yellowish. Male: similar to female; more yellowi sh. 
Comparative notes: This is the only species of Silvius known to occur 
in Iowa. ~- pollinosus Williston, which may be found here, has no sub-
apical spots on veins R 4 and R 5 • 
Biology: The genus Silvius is predominantlywestern; ~- guadrivittatus 
is uncommon in Iowa. 
Distribution: Mont. to Ill., s. to Calif. and Tex. Iowa: southern, 
especially southwestern. Iowa dates: June 12 - July 10. 
Stonemya ~ (Loew) 
Description: Length: 10. 5-14 mm. Color: brown; hind margins of 
terga lighter. Face: grayish; callus absent. Proboscis: very long, 
longer than head. Thorax: dark brown with white hairs. Abdomen: 
brown, posterior borders of terga tan with white hairs. Wing: hyaline, 
sometimes some yellow in costal areas. Legs: reddish-brown to brown. 
Male: somewhat darker than female. 
Comparative notes: This fly strikingly resembles a Tabanus in size 
and coloration. The elongate proboscis distinguishes it from all other 
[owa tabanids. ~- tranguilla, which is found in Michigan, has black legs. 
Biology: This species is not known to bite, but seems to feed exclu-
sively on flowers. The early stages are unknown. It is rare in Iowa; 
1 specimen was collected at Pilot Knob State Park, Hancock Co. , which 
b.as a sphagnum bog. 
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Distribution: ne. U.S., from Wisc . to N. B. s. to Ga. Iowa: l speci-
men, Hancock Co., July 29. 
Tabanus abdominalis Fabriciu s 
D escription: Length: 19-22 mm. Color: orange-brow n, with a dark 
spot and a light spot on each tergum. Wing spotted with brown. Frans: 
yellowish-gray to brown, 5 times as high as basal width. Calli: basal 
callus dark brown, higher than wide, subtriangular; median callus dark 
brown, narrowly joined to basal callus. Antenna: 3rd segment orange, 
annuli darker. Mesonotum: dark brown with distinct light lines. ,Ab-
domen: orange to orange- brown; a dark median spot followed by a light 
triangle on each tergum. Wing: pale brown, brown infuscation along 
crossveins and at furcation. Legs: femora black, tibiae mostly brown. 
Comparative notes: Resembles .'.I· sul.cifrons; see notes under that 
species. 
Biology: This southern species has been recorded from Iowa only 
once. 
Distribution: Nebr. to M ass., s. to Tex. and Fla. Iowa: 1 specimen, 
Henry Co. , Aug. 9. 
Tabanus atratus Fabricius 
(Black Horse Fly) 
Description: Length: 20-28 mm. Color: black; wings dark brown. 
Frons: dusky brown to dark gray. Calli: basal callus black, transverse; 
median callus an indefinite line above basal callus. Antenna: black; 3rd 
segment with a prominent dorsal process. Mesonotum: black, some-
times with reddish tinge. Abdomen: black, sometimes with a bluish 
"bloom" ("The Blue-Tail Fly"). Wing: uniformly dark brown. Legs: 
black. Male: similar to female. 
Comparative notes: Tabanus atratus is the only Iowa horse fly with 
entirely dark-brown w ings. I· calens, .'.I· nigrescens, and .'.I· stygius 
are our only other very large species, to be separated according to the 
key. Bromley ( 1926) described its external anatomy. 
Biology: Although the Black Horse Fly is not as abundant as somE 
species, its large size, severe bite, and loud buzz add to its importance 
as a pest. It will sail over a group of cattle like a glider plane and settle 
on the back of one. Small nonbiting hematophagous flies sometimes form 
a ring around the horse fly, apparently feeding on blood oozing from the 
puncture. 
The full-grown larvae are nearly 2 inches in length, yellowish-white 
with wide black bands at the union of each 2 segments. These bands are 
more or less connected by several narrow longitudinal black stripes. 
This striking creature is capable of inflicting a painful wound on the fin-
ger of a careless collector. Most larvae are found in the mud within a 
foot of a pond or stream. Two larvae were collected and reared during 
the summer of 1964. 
Jones and Anthony (1964) reported that practically 100% of the eggs 
deposited near Gainesville, Fla., during 1951-1955 were parasitized by 
the wasp Talenomus tabanivora (Ashmead). 
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Schwardt(l936) and Jones and Anthony(l964) have made studies of the 
ife history of the species. 
Distribution: U.S . east of tile Rockies; als o Wash. Iowa: statewide, 
:specially southern. Iowa dates: June 7 - S pt . 30 . 
Tabanus cale ns Linnaeus 
Synonymy: Tabanus giganteus DeGeer. 
Description: Length 22-25 mm. Color: thorax brownish and abdomen 
>lackish. Frans: yellowish- brown, 4. 5 times as high as basal width . 
:alli: basal callus dark reddish, rounded above; median callus brown, 
:longate, broadly joined to basal callus. Antenna: orange. Mesonotum: 
lark brown with indistinct lighter lines. Abdomen: dark reddish- brown 
o black, with thin gray pollen; sometimes very faint gray triangles on 
he t e rga. Wing: pale brownish, the costal cell yellow - orange . Legs: 
·eddish-brown, hind tibia darker. Male: similar to female but redder. 
Comparative notes: The nearly concolorous body, large size, and un-
:potted wings distinguish this species from others found in Iowa. 
Biology: This species occurs rarely in southern Iowa, being more 
:ommon in the southern and eastern United States. Tashiro and Schwardt 
1953) studied the life history of the species (as I· giganteus DeGee r). 
['he egg mass was bright yellow-orange. Larval development requires 
rom 2 to 3 years. 
Distribution: eastern U.S., Wisc. to Conn., s. to Tex. and Fla. Iowa: 
.outheastern. Iowa dates: 2 specimens, July 25 to Aug. 4. 
Tabanus egualis Hine 
Synonymy: Tabanus uniformis Hine. 
Description: Length: 17-22 mm. Color: grayish-brown, a median 
·ow of gray triangles on abdomen. Wing spotted. Frans: gray to r e ddish-
;ray, about 4 times as high as basal width (fig. 21 ). Calli: basal callus 
·eddish-brown, higher than wide, narrowly joined to elongate reddish-
,rown median callus. Antenna: 1st and 2nd segments and base of 3rd 
egment orange, rest of antenna black. Mesonotum: dark reddish with 
·ellow-gray stripes. Abdomen: reddish brown, with a median row of 
listinct, pale triangles. Wing: crossveins and furcation with faint brown 
pots. Legs: brownish. Male: similar to female. 
Comparative notes: This species resembles 3 other Iowa species. 
~hey arr differentiated by the following characters, as well as those in 
he key: abdominalis: 3rd antenna! segment mostly orange; legs brown 
.nd yellow. sulcifrons: palpus darker, somewhat flattened; fore tibia 
larkened apically. reinwardti: frons only 2. 5 times as high as basal 
,idth; fare tibia darkened apically. 
Biology: though economi cally important 'further south, this species is 
mcommon in Iowa. Schomberg and Howell ( 1955) found that I -• equalis 
,reeds in relatively dry areas in Oklahoma. 
Distribution: southern U.S., Kans. to Ill., s. to Tex. and Fla. Iowa: 
outhern. -Iowa dates: June 4 - July 25. 
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Tabanus fai rchildi Stone 
S vn::inyrny: Tabanus vi vax of authors, not Osten SCJ.c 1-~, · r, . 
Description: L e ngth: 12-16 n1m. Color: dark g ray , \1.· ith 3 row s 
spots on abdome n. Frans: gray, about 4 times as high as basal widt 
Calli: basal callus dark brown, s ubquadrate, narrowly joined to the bla 
median callus. Antenna: black. Mesonotum: black w ith gray stripe 
Abdomen: black, with 3 rows of gray spots. Wing: e ntirely hyalini 
Legs: femora gray; tibiae reddish, apex of fore tibia darkened. Mal 
similar to female, sublateral gray spots larger. 
Con1parati v e notes: _I. sackeni is generally mor e c,rang e and he 
orange antennae . I. orbicallus has a w ider frons, and the basal callu 
is very convex and shining. 
Biology: This species i s apparently never plentiful, though wides pre 
The larval habitat is peculiar for a tabanid. The eggs are laid on stoni 
protruding from streams and rivers . The entire larval period is thE 
spent under stones in the riffle areas. Marchand (1920) reviewed t1 
early stages of the species (as I• v i v ax). 
Distribution: Wisc, to N: S., s. to Okla. and Fla, Iowa: 1 specime 
Ft. Dodge, July 16, 
Tabanus fulvulus Wiedemann 
Description: Length: 12-16 mm. Color: yellowish, w ith 3 rows 
yellow spots on the abdomen, Frans: bright yellow, a b out 5 times 
high as width at base. Calli: basal callus shiny black or brownish, nc 
joined to median callus. Antenna: bright orange except for black annul 
Me sonotum: yellowish, unstriped, Abdomen: orange-brown, with 3 rov; 
of yellow-orange spots, median row formin g a stripe which widens apic 
ally on each tergum. Wing: costal cell tinged with yellow. Legs: femoi 
blackish; tibiae yellow-orange, ape x of fore tibia black. Male: simile 
to female, but yellow of abdomen more extensive. 
Comparative notes: Three other medium-sized, often yellowish , Iov; 
Tabanus species may be confused with _I. fulvulus. I· guinquevittatu 
ground color of abdomen darker; median stripe parallel-sided. I· sad 
eni: mesonotum reddish- brown; pleuron not yellow, as in I. fulvulus 
but gray. _I. sagax: £rans wider; abdominal coloration more contrastin 
Biology: Apparently nothing is known of the early stages. Jones an 
Anthony ( 1964) state that this fly favors the lower legs and underside 
the belly for feeding. The occurrence of I_. fulvulus in Iowa is knov; 
only from a collection of 4 specimens in the southeast corner in 1928. 
is of doubtful importance in the state. 
Distribution: south and east U.S., Ill. to se. N. Y., s. to Okla., La 
and Fla. Iowa: 4 specimens, Mt. Pleasant and Bloomfield, July 21 
Aug. 15, all 1928, 
Tabanus lineola F abricius 
(Striped Hors e Fly) 
Synonymy: Tabanus vicarius Walker (in part, " Mass." spe cimen) 
Tabanus guinquevittatus Hine (not Wiedemann) . 
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Des c:ription: Length: 10-15 mm. Color: yellow- brown to blackish, 
bdomen with 3 rows of spots, the median row forming a stripe" Frans: 
ellowish-gray, 4 to 5 times as high as basal width. Calli: basal callus 
ark brawn to black, subquadrate, usually narrow ly joined in the m e dian 
allus, a narrow concolorous streak. Antenna: orange. Mesonotum: 
ray with faint stripes. Prescutal lobe distinctly reddish. Scutellum 
ark. Abdomen: brown to black with 3 rows of spots, median row form-
ng a w hite or yellow parallel-sided stripe, lateral spots forming a more 
r less regular stripe on each sid e" Wing: hyaline, including costal cell. 
,egs: femora gray; tibiae yellowish, ape x of fore tibia darker. Male: 
imilar to female, abdomen lighter in color. 
Comparative notes: This is a coastal form of the _I. lineola complex 
Philip 1942). Philip distinguished 5 forms, of w hich 3 species and 1 sub-
pecies pore now recognized: lineola, similis, schwardti schwardti, and 
chwardti nippontucki. Literature appearing before 1942 under ,I" lineola 
s commonly pertaining in part to one or more species of the complex. 
> lineola should be recognized by the dark s cute llum and the more or 
ess regular submarginal abdominal stripes o 
Biology: Schwardt ( 1931) reported on the biology of .I. lineola, but 
>hilip (1942) determined that he had the species I_. schwardti schwardti 
>hilip. Several specimens were reared from larvae collected under 
lgae along the shores of two Iowa lakes. Tipulid larvae and earthworms 
1ere present in both situations. This species is not as common inland 
s its close relative, .I. similis" 
Distribution: eastern U.S.; Wisc. to Me., s. to Tex. and Fla., Ba-
ama Is. Iowa: central and south. Iowa dates: May 24 - July 13. 
Tabanus molestus Say 
Description: Length: 14-21 mm. Color: dark brown, with gray mid-
bdominal triangles and light gray s cutellum. Frans: gray to brown, 
bout 4 times as high as basal width. Calli: basal callus brown, higher 
1.an wide, joined to the concolorous median callus. Antenna: orange to 
rown. Mesonotum: dark brown with light gray stripes. Scutellum light 
ray. Abdomen: dark brown with light gray midab~ominal triangles, the 
ne on tergum II small. Wing: subhyaline, the crossveins and furcation 
:1.intly margined with brown. Legs: brown. Male: scutellum light gray 
s in female, but thorax brown. Terga with wide pale hind margins as 
rell as triangles. 
Comparative notes: several other Iowa species have the s cutellum 
Lght-colored, sharply contrasting with the abdomen. !· venustus, how-
ver, has wide irregular dark spots on the w ings, and .I• stygius and .I· 
rimaculatus have extensive whitish pollen on the thorax as well as the 
cutellum. 
Biology: I• molestus has been taken only t w ice in Iowa, this probably 
,eing the ·,northwestern limit of its range. Jones and Anthony (1964) ob-
erved i~ Florida that its greatest feeding activity was from late after-
oon until dark, though some feeding took place throughout the day. They 
tate that the females prefer the legs, belly, and lower neck of livestock. 
Distribµtion: Wisc. (?) to N, J .. -, s. to Tex. and-Flao Iowa: southea~t-
rn corner. Iowa dates: July 4 and Aug. 2. 
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Tabanus nigrescens Pails ot de B e auva is 
D es cription: Length: 18-24 mm. Color: black; w ing s subhyaline 
w ith dark spots at fur cation and cross v e ins. F rons: brown, about 4 
time s a s high as basal w idth. Calli: basal callus dark brow n, higher 
tha n w id e , joined to the w id e m e dian callus. Antenna: black, the 3 rd 
s egm e n t r e d at bas e . M e sonotum: black. Abdomen: black. Wing: 
s li ghtly inf us cat e d w ith spots at fur cation and cros sve ins. L e gs: b lack. 
M a l e : brow n e r than f e male. 
Comparative notes: I· atratus, the only other larg e, e ntir e l y black 
Iow a sp e cies, has the w ings darkly and evenly infuscated. I_, cale ns has 
no spots on the wing s, and I• stygius has a w hite thorax . 
Biology: Marchand ( 1920) has summarized information on the early 
stages. I· nigr e scens, an eastern specie s, has been taken in Iowa only 
twice, most recently in 1930. 
Distribution: Wisc. to Mass , , s, to T e x. and Fla, Iowa: eastern. 
Iow a dates: 2 spe cimens, June 19, 192 9 and June. 1930. 
Tabanus nigripes Wiedemann 
Synonymy: Tabanus coffe atu s Macquart. 
Description: L e ngth: 11-14 mm. Color: brownish- black, with gray 
midabdominal triangles. Frans: gray , about 4 times as high as basal 
w idth. Calli: basal callus dark brow n, rectangular, joined to the con-
colo rous m e dian callus. Subcallus: usually denuded, at l e ast partially. 
Ant enna: dark orange to black. Mesonotum: reddish-brow n to blackish, 
w ith g ray stripes. Abdomen: ' reddish-black, w ith a median row of light 
gr a y triangles arising from gray hind margins of terga. Wing: hyaline, 
L egs: reddish-black. :tv1ale: dark brown; abdominal triangles smaller 
than in female. 
Comparative notes: In addition to the denuded subcallus, the abdominal 
coloration should separate this species from similar Iowa forms. 
Biology: This eastern species has not been collected in Iowa, but may 
occur h e re. The larvae inhabit w et areas along the banks of streams and 
lakes, sometimes in clumps of grass growing in the water (Jones and 
Anthony 1964). 
Distribution: Ont., s. to Tex. and Fla. Iowa: unknown. 
Tabanus orbicallus Philip 
Description: Length: 13-15 mm. Color: dusky gray and brow n, 3 
row s of pale spots on abdomen. Frans: yellow-brown, about 3 times as 
high as basal width. Calli: basal callus dark brown to black, very con-
ve x , narrowly joined to concolorous, elliptical median callus. Antenna: 
first 2 segments orange, 3rd segment black except for orange base. 
Mesonotum: gray-brown, w ith stripes; pr e scutal lobe orangish, Ab-
domen: dark brown to black, with a median row of gray triangles and a 
row of yellow-brown spots at each s·ide. Wing: hyaline. Legs: mostly 
yellow-brown, apex of fore tibia dark. Male: similar to female, more 
grayish, 
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Comparative notes: T. fairchildi resembles this species, but has the 
3rd antennal segment entirely black, and the frons and calli narrower. 
Biology: This species, though uncommon, does not hesitate to bite 
humans, and has been taken on horses in Iowa . Rotary and ' ' black light" 
traps have also yielded specimens. 
Distribution: S. Dak. to Okla. Iowa: southern half. Iowa dates: May 
3 - July 27, most records from June. 
Tabanus pumilus Macquart 
Description: Length: 8-11 mm. Color: blackish ... Frons: gray, about 
4 times as high as basal width (fig. 16). Calli: basal callus black, sub-
quadrate, joined to large median callus by a slender line. Antenna: 
orange, annuli darker; stout. Mesonotum: black with gray stripes. Ab-
domen: blackish, with a median row of small gray triangles and small 
round sublate ral spots. Wing: hyaline. L egs : femora grayish; tibiae 
orange-brown, apex of fore tibia black. Male: similar to female. 
Comparative notes: Only one other Iowa species, 1'· sparus, is as 
small as I• pumilus. These two species are very similar in appearance, 
to be separated according to the key. 
Biology: According to Fairchild(l950), both I• pumilis and I· sparus 
bite man readily, flying about the head in the manner of Chrysops. Nei-
ther species is common in Iowa. 
Distribution: Ont., s. to Tex. and Fla. Iowa : 1 specimen, Monroe 
Co. , July 13. 
Tabanus guinguevittatus Wiedemann 
Synonymy: Tabanus costalis Wiedemann. Tabanus vicarius Walker. 
Description: Length: 11-14 mm. Color: yellowish, abdomen striped; 
costal cell yellowish. F rons: yellow, about 4 times as high as basal 
width. Calli: basal callus black, subquadrate, usually narrowly joined 
to small narrow median callus. Antenna: a light yellow to white parallel-
sided median stripe between 2 black or brown stripes; abdomen with 
variable amount of orange laterally. Wing: hyaline, but costal _cell 
heavily yellow. Legs: mostly yellow ish, apex of fore and hind tibiae and 
tarsi black. Male: similar to female, abdomen with less black. 
Comparative notes: resembles several other medium-sized species, 
but 1'· guinguevittatus should be separated according to the key and by 
its yellow-olive pleuron and abdominal venter. 
Biology: This "greenhead" is one of Iowa's two most common species. 
The larvae are usually terrestrial, the eggs being laid on grasses in 
meadows and pastures. Schwardt ( 1936) observed that the larvae are not 
cannibalistic, as are most Tabanus species, and suggested that this may 
be responsible for the abundance of the species in Arkansas. The fe-
males, according to Jones and Anthony ( 1964), rest on vegetation waiting 
for a host to pass. 
Distribution: e. U.S.; S. Dak. to N. S. and s. to Tex. and Fla. Iowa: 
statewide. Iowa dates: June 10 - Sept. 21, most records from July and 
Aug. 
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Tabanu s r e inw ardtii We ide mann 
D e sc ription: L e ngth: 14 -1 8 mm. Colo r: dusty gray to blackish, ab -
d omen w ith 3 rows of gray spots. Fro ns: yellow-gray with a red to black 
spot a r ound th e m e dian callu s ; about 2 . 5 times as high as the basal w idth 
(f i g . 20). Calli: ba s al c a llus r e ddi s h-brown to black, narrowly joined 
to t h e s l e nder m e dian callus. Ant e nna: usually black, sometime s with 
some r e d. M e sonotum: black with reddish- gray stripe s. Abdomen: 
dusty brown to bla ck, with a median row of gray triangles and lateral 
gray spots. Wing: hyaline; cros sve ins and fur cation inf us cate d. L e gs: 
r e ddish-brow n, tibi ae blac k apically. Male: sublate ral gray spots larger. 
Comparative n ot e s: N o oth e r Iowa horse fly of this size has both the 
wide frons and spotte d wings. 
Biology: Philip (1931) collected numerous larvae but few adults in 
Minnesota, attributing this to the obscure feeding habits of the species. 
It is not known to bite. Schw ardt (1936) also collected many larvae, all 
from cold springs or brook s, but no adults. 
Distribution: Alta. to N. S., s. to Tex. and Fla. Iowa: probably 
statewide. Iowa dates : June 20 - Sept. 30. 
Tabanus sackeni Fairchild 
Description: Length: 11-15 mm. Color: brown, with a faint mid-
abdominal stripe and rounded sublate ral spots. Frans: yellowish, about 
5 times as high as basal width (fig. 23 ). Calli: basal callus dark brown , 
oblong, separated from median callus. Antenna: yellowish to orange, 
apex of 3rd segment and annult black. Mesonotum: brown with faint gray 
stripes. Abdomen: brown, with a faint median row of triangles and 
rounded yellowish sublateral spots. Wing : hyaline; costal cell hyaline. 
Legs: yellowish- brown, apex of fore tibia darkened. Male: similar to 
female. 
Comparative notes: The midabdominal stripe in _I. sag ax is wider and 
more prominent and the frons is wider than in I• sackeni. 
Biology: Apparently nothing is known of the immature stages of this 
species. 
Distribution: Kans. to N . H. and Ga. Iowa: central. Iowa dates: 
July 2 - Aug. 21. 
Tabanus sagax Osten Sacken 
Synonymy: Tabanus dawsoni Philip. 
Description: Length: 12-16 mm. Color: yellow- brown, with a wide 
midabdominal stripe that w idens posteriorly on each tergum. Frans: 
yellow, about 3 times as high as basal width (fig. 22). Calli: basal callus 
dark brown, subquadrate, narrowly joined to the short wide median cal-
lus. Antenna: yellow to orange, apical part of 3rd segment and annuli 
black. Mesonotum: grayish with faint yellowish stripes. Abdomen: 
orange- brown, darker paste riorly; the rather wide median yellowish 
stripe widens posteriorly on each tergum; pale sublateral stripes present. 
Wing: hyaline; costal cell y e llowish. Legs: mostly yellowish- brown; 
apex of fore tibia darker. Male: similar to female. 
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Comparative notes: Some specimens of .I__. sackeni have a similar 
abdominal pattern, but the much wider frons of I• sagax distinguishes 
it from the former. 
Biology: Though widespread, _I. sagax does not appear common any-
where in its range. Nothing is known of the immature stages. 
Distribution: Minn. to Me., s. to La. and S. C. Iowa: unknown. 
Tabanus schwardti schwardti Philip 
Synonymy: Tabanus lineola of authors, not Fabricius. 
Description: Length: holotype male, 12 . 5 mm; allotype female, 13 
mm. Color: like I• similis, but fore and hind femo:i;:a darkened. Male: 
thoracic stripes less distinct. 
Comparative notes: Philip ( 1942) separated this form from the "line-
ola complex" as a Nearctic subspecies of the Neotropical _I. vittiger. 
Except for the infuscation of the femora, the female of I· ~- schwardti 
closely resemble those of T. similis. 
Biology: Schwardt ( 1936) reared 202 specimens of a species which he 
called I. lineola; Philip ( 1942) later reported that most of his specimens 
were I• schwardti schwardti. According to Jones and Anthony (1964), 
these two species have similar larval habitats in the mud along ponds or 
slowly flowing water. Philip ( 1950) included Iowa in the distribution 
records for this species. However, we have seen no Iowa specimens; 
they may be misdetermined as I_. similis. 
Distribution: Ariz. to Mass. and Fla., Mexico. Iowa: unknown. 
Tabanus similis Macquart 
Synonymy: Tabanus lineola s cutellaris Walker. Tabanus lineola of 
authors,not Fabricius. 
Description: Length: 10-15 mm. Color: similar to _I. lineola, but 
with scutellum red, at least at apex. 
Comparative notes: This form was known as I_. lineola subsp. scutel-
Laris until Philip ( 1959) established its identity with Macquart' s type. I. 
similis is a common inland species of the lineola group. Its scutellum is 
red, and the legs more reddish than in I. lineola or I. ~• schwardti. It 
also resembles another very common species, '£_. guinguevittatus, which 
ls more yellowish and has the costal cell yellow. 
Biology: I. similis is one of the two most common horse flies of Iowa. 
:)n hot summer afternoons, it is frequently seen on the legs and abdomens 
:,f horses, and it often visits the legs of humans. This species is at-
:racted to cars and buildings very readily and is often found at the win-
:lows of barns. A single specimen was reared from a pupa collected at 
the edge of a cattail swamp near Ames, Iowa. 
Distribution: Most of the U.S.; B. C. to N. S., s. to Calif. and Ga. 
[owa: statewide. Iowa dates: May 23 - Sept. 13. 
Tabanus sparus Whitney 
Description: Length: 9-11 mm. Color: blackish, with 3 rows of gray 
spots on abdomen. Frans: brownish-gray, about 5 times as high as basal 
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width (fig. 19), Calli: basal callus brown , subquadrate, joined to the 
slender median callus. Antenna: orange; stout. Mesonotum: black with 
gray stripes. Abdomen: blackish, with a median row of small gray tri-
angles and gray sublateral spots. Wing: hyaline. Legs: femora reddish-
gray; tibiae yellowish-brown, apex of fore tibia darkened. Male: similar 
to female. 
Comparative not es : See under I• pumilus. In addition, the sublatera] 
gray spots on the species are usually touching the hind margins on terga 
II and III in I. sparus, while in I. pumilis, they are confined to the 
center of the terga. 
Biology: This eastern species has not been record e d from Iowa, but 
may be found here. 
Distribution: Wisc. to N. H., s. to Okla. and Fla. Iowa: unknown. 
Tabanus stygius Say 
Description: Length: 20-23 mm. Color: thorax gray; abdomen black; 
wings brownish, with spots. Frans: brown, about 4 times as high as 
basal width. Calli: basal callus dark reddish-brown, elongate; median 
callus concolorous, narrow, broadly joined to basal callus. Antenna: 
brownish-orange. Mesonotum: appears light gray due to the heavy white 
pollen and hairs on the reddish ground. Abdomen: dark brown to black. 
Wing: pale brown; crossveins and furcation margined with brown. Legs: 
dark brown. Male: mesonotum dark brown instead of gray. 
Comparative notes: No other Iowa species has a light graymesonotum 
and s cutellum and a sharply contrasting, completely black abdomen. The 
western I· punctifer is similarly colored, but has the front tibia bi-
colored. 
Biology: Hine (1906) was the first to note the oviposition habit of I· 
stygius. The eggs are almost invariably placed on the leaves of Sagit-
taria just above the point where the petiole enters the blade. A female 
so engaged was easily approached and photographed without being dis-
turned, at Pilot Knob State Park. According to Hine, the larvae probably 
hibernate through two winters . 
Distribution: Minn. to Me., s. to Tex. and Fla. Iowa: eastern half. 
Iowa dates: June 9 - Aug. 1. 
Tabanus sulcifrons Macquart 
Synonymy: Tabanus exul Osten Sacken. 
Description: Length: 18-23 mm. Color: orange-brown, with a me-
dian row of triangles on the abdomen; wing with brown spots. Frans: 
yellowish-gray, about 4 times as high as basal width. Calli: basal cal-
lus shiny brown, narrowly joined to the slender median callus. Antenna: 
first two segments orange; 3rd segment orange at least at base; annuli 
black. Mesonotum: dark brown, with grayish stripes, Abdomen: orange 
brown, darker apically; white triangles on terga I-V; a black spot pre-
cedes the triangle on tergum II. Wing: subhyaline; cros sveins and fur-
cation margined with brown; cell R 5 narrowed but not closed. Legs: 
femora dark; apices of tibiae dark, bases of tibiae light. Male: similar 
to female. 
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Comparative notes: _:I. abdominalis closely resembles .I. sulcifrons, 
but the following characters distinguish the former; frons narrower, 
about 5 times as high as basal width; pale abdominal triangles not as dis-
tinct; cell R 5 closed. 
Biology: This species, called the "autumn horse fly" because of its 
late appearance, is quite common in southern Iowa. Schwardt (1936) 
reported that engorged females habitually fly to trees and crawl upward 
into the foliage; he found an egg mass on the branch of an elm. Several 
authors have remarked that the larvae of T. sulcifrons seem tolerant of 
low moisture levels since they are most frequently ftmnd in well-drained 
soils. 
Distribution : e. U.S., Wisc. to Me., s. to Tex. and Fla. Iowa: 
southern half. Iowa dates: July 9 - Sept. 26, most records from late 
July and Aug. 
Tabanus trimaculatus Palisot de Beauvais 
Description: Length: 15-18 mm. Color: thorax light gray, abdomen 
black with 3 white triangles. Frons: gray, about 4 times as high as basal 
width. Calli: basal callus tan to black, median callus concolorous and 
linear, joined to basal callus. Antenna: dark brown to black. Mesonotum 
brown with wide gray stripes. Scutellum covered with light-gray pollen, 
sharply contrasting with base of abdomen. Abdomen: black with a pro-
minent white median triangle on terga III, IV and V. Often with a pair of 
small round white spots laterally on tergum II. Wing: all veins dark, 
crossveins and furcation infuscated. Legs: femora black, all tibiae 
white basally and black apically. Male: similar to female, legs paler. 
Comparative notes: This striking fly is not easily confused with any 
other in Iowa because of its strongly contrasting abdominal markings. 
Biology: This species has been collected on horses, in cars, and in 
buildings, but not as frequently as the abundance of the larvae would in-
dicate. Half of the Tabanus larvae reared during 1964-1965 were _r. 
trimaculatus. Philip (1931) noted a similar result in Minnesota. Most 
of the Iowa specimens were taken in a cattail swamp near Ames. 
Distribution: e. U.S., Minn. to Mass., s. to Tex. and Fla. Iowa: 
statewide, especially eastern. Iowa dates: May 24 - Sept. 20. 
Tabanus venustus Osten Sacken 
Description: Length: 16-18 mm. Color: gray and black; wing mottled 
with black. Frons: brownish-gray, about 3 times as high as basal width; 
a brown pollinose area surrounds the basal callus. Calli: basal callus 
dark brown, usually separated from the small orange- brown median cal-
lus. Antenna: brown. Mesonotum: brown with gray stripes. Scutellum 
gray. Abdomen: black with a row of median white triangles and gray 
sublateral spots. Wing: with large brown maculations involving about 
half the area of the wing. Legs: brown to black. Male: black and white; 
thorax black, s cutellum white, thorax black with more white than in 
female. 
Comparative notes: This attractive fly will not be confused with any 
other in Iowa; the broadly mottled wings will alone safely distinguish it. 
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Biology: This species is not common in collecti ons, though the females 
do attack stock animals. T w o adults w ere taken on horses at a farm w est 
of Ames, and one larva from rn.ud at the bank of a stream running through 
the farm. 
Distribution: Wisc., s. to Kans. and Tex. Iowa: southern half. Iowa 
dates: June 14 - July 23. 
Glossary for Tabanidae 
annuli - "ringlets " or subdivisions of 3rd antenna! segment beyond the 
usually larger basal portion (fig. 8). 
apical tibial spurs - a pair of small spurs at the apex of the tibia (fig. 7). 
apical spot of wing - inf us cated spot in apical area of wing concolorous 
with cross band ( Chrys ops spp.) (fig. 25 ). 
callus, basal_; denuded sw e lling on lower part of frons, base of which is 
---near level of lower inner angles of eyes (fig. 2). 
callus, frontal - the single denuded swelling on the frons above the 
---antennae in Chrysops spp. (fig. 4). 
callus, m e dian - swelling above basal callus, usually narrower and 
---elongate, often joined to basal callus (fig. 2). 
concolorous - matching in color. 
costal cell - cell bordering the anterior edge of the wing (fig. 5). 
~b~ - infuscated transverse stripe on wing, typically 1/ 4 to 1/ 3 
the length of wing and fading or narrowing toward posterior edge 
of wing (Chrysops spp.) (fig. 45). 
crossveins - for descriptive purposes, all shorter and relatively trans-
verse wing veins. 
denuded - not cove red with pollen. 
dorsal process of 3rd antenna! segment - a dorsal hump, sometimes 
pointed and rarely hooklike, which is present on the base of the 
3rd antenna! segment in some members of the subfamily Tabaninae 
(fig. 8). 
flagellum - portion of antenna which is beyond pedicel (fig. 9). 
frontoclypeus - s cle rite just below the antennae (fig. 4). 
frons - portion of head between the eyes, from the vertex to the lower 
inner angles of the eyes (fig. 4). In male, reduced to a small 
triangle. 
furcation - point at whi ch veins R 4 and R 5 separate (fig. 45 ). 
gena - head sclerite lateral to frontoclypeus and ventral to the anterior 
and lateral eye margins (fig. 2). 
hyaline - colorless and transparent. 
hyaline triangle - more or less triangular hyaline area near apex of wing 
in many Chrysops spp.; bordered anteriorly by apical spot, proxi-
mally by crossband, posteriorly by edge of wing (fig. 24). 
hyaline triangle, apex of - most anterior corner of hyaline triangle. 
infuscated - smoky gray-brown; any dark spot or band in a tabanid wing 
is an "infuscated spot" or "infuscation." 
mesonotum - the dorsal surface of the mesothoracic segment; in tabanids, 
refers to the dorsal thoracic surface and includes principally the 
mesoscutum and mesoscutellum (fig. 1). 
mesoscutellum - see under ' ' scutellum. " 
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mesoscutum - the principal portion of the mesonotum (fig. l). 
middorsal triangles - contrasting lighter colored triangular spots with 
apices toward anterior margins of tergites; when present, typically 
form a median row on dorsum of abdomen. 
ocellar tubercle - a raised, often denuded spot on vertex of Hybomitra 
spp., which corresponds to position of ocelli in subfamily 
Chrysopinae (fig. 3). 
parallel-sided stripe - contrasting lighter colored stripe on dorsum of 
abdomen, the edges of which are not serrate; the stripe does not 
appear to be a row of contiguous triangles. 
pedicel - 2nd segment of antenna (figs . 8, 9). 
pi lose - bearing short fine s eta e or " hairs ." 
pleuron (pl. , pleura) - lateral region of thorax 
pollen - a dusty-appearing surface coloring, not a part of the chitin it-
self; typically covers most of integument except for eyes , wings, 
and calli. Reference to color apply to this covering. 
pubescence - very short, fine closely set setae or " hairs." 
scape - 1st segment of antenna (figs, 8 , 9) . 
scutellum - a subhemispherical posterior portion of the mesonotum 
(fig. 1) 
subcallus - area of frons between basal callus and antennae (fig. 2). 
sublateral pale spots - spots or triangles on dorsal surface of abdomen 
lateral to median spots or triangles. 
stump vein - short vein at base of R 4 ; rarely present. 
tergite - a dorsal segmental sclerite; as used here, refers to abdominal 
segments. 
vertex - top of the head between the eyes (fig, 2). 
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App endix I. Iowa Distribution of Tabanidae by County 
Atylotus 
bi color, Dickins on, Hamilton, Monona, Polk , Story. 
ohioensis, Dickinson, Story. 
Chrysops 
abe rrans, Hamilton , Johnson , Warren. 
a es tuans, Allamakee, Boone , C e rro Gordo, Clay, Dickins on, 
Fremont, H amilton, H a ncoc k , Harrison , Johnson, Lucas, O' Bri e 
Osceola, P age , Palo Alto , Stor y , Wape llo , Woodbu ry, Worth, 
Wright. 
brunneus, Pottawattami e . 
callidus, Boone, Clayton, D e lawa r e , Dickinson, Fre mont, Ham ilton 
Hancock, H e nry, Humbolt , Jackson, Johns on , L ee , Loui~a, L uca 
Lyon, Monona, Mus catine , Page , Scott, St o ry, Warre n, -Winneba 
Woodbury . 
carbonarius, Allamakee , D e lawa r e , F aye tt e , Henry , Linn. 
fla vidus, Louisa, Pag e . 
frigidus, Hancock. 
fulvaster , Dic kins on. 
indus, Allamakee , D e l awa r e , Dubuque , Faye tt e , Hancock, Hardin, 
Mitche ll, Winneshiek. 
moechus , Allam akee . 
montanus, Guthrie, St o r y , Warren . 
niger , Delaw ar e , Hardin , H enry , Stor y . 
pikei, Benton , Boone, Bremer , Buchanan: Dick inson, Dubuque , Hen 
Johnson, Linn, Muscatine , Page, Polk, Sac, Sioux , St ory, Warren, 
Webster . 
sackeni , Boone, C er r o Gordo, Hamilton, Hancock, W innebago. 
s e quax, Benton, Boone , C e rro Gordo, Clay , Dickinson, Floyd, 
Hamilton, H e nry, How ard, Kossuth, Lyon, Osceo la, Palo Alto, 
Polk, S ac , St o ry, Van Buren, Woodbu ry. 
striatus , Cerro Gordo, Clayton, Hancock, Monroe. 
univittatus, Dubuque , Guthrie, Humbolt, Lee, Louisa, Mahaska, 
Monona, Page, Polk, Story, Taylor. 
vittatus, Allamakee, Boone, Butler, Clayton, D es Moines, pick ins o1 
Dubuque, Fremont, Grundy, Guthrie, Hancock, Henry, Howard, 
Jasper, Johnson, Louisa, Muscatine, Page, Polk, Sac, Scott, 
Sioux , Story, Warren, Winneshiek, Woodbury, Wright. 
Hybomitra 
epistates, Dickinson. 
frontalis, Dickinson, Story. 
lasiophthalma, Boone, C e rro Gordo, Chickasaw , D e laware , Dickins c 
Floyd, Hamilton, Hancock, Henry, Louisa, Story. 
trispi la sodalis, Dickinson. 
Silvius 
guadrivittatus, Boone, Harrison, H e nr y , Page, Story. 
Stonemyia 
rasa, Hancock. 
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~abanus 
abdominalis, Henry. 
atratus, Boone, Davis, Desmoines, Dickinson , Hamilton, Hancock, 
Henry, Jefferson, Keokuk , Monroe , Page , P olk, Scott, Story, 
V a n Buren, Washington, Winneshiek, Woodbury. 
equalis, Henry, Louisa, Page, Story. 
fairchildi, Webste r. 
ful vulus, Henry. 
lineola, Boone, Hamilton, Hanco ck, Henry , Page, Polk, Story. 
molestus, Henry. 
nigrescens, L ee . 
orbicallus, Boone , Crawfo rd, Greene, Henry , Louisa, Page, Polk, 
Stor y . 
pumilus, Monroe. 
guinquevittatus, Appanoose, Audubon, Benton, Bla ckhawk , Boone, 
Bremer, Buchanan, Clarke, Clinton, Davis, Dickinson, Floyd, 
Franklin, Fremont, Hamilton, Henry, How ard, Ida, Jasper, 
Jefferson, Lee, Linn, Monona, Monroe, Page , Polk, Story, Union, 
Van Buren, Wapello, Washington. 
reinwardtii, Adair, Boone, Dickinson, H e nry, Jefferson , Lee, Polk, 
Story. 
sackeni, Boone, Story. 
similis, Appanoose, Benton, Boone, Cer ro Gordo, Clay, Clayton, 
Des Moines, Dickinson, Fremont , Henry, Mahaska , Mitchell, Page, 
Polk, Story, Van Buren. 
stygius, Hancock, Lee, Louisa, Story. 
sulcifrons, Davis, Henry, Monroe, Page , Story, Taylor, Van Buren, 
Wapello. 
trimaculatus, Boone , Clayton, Clinton, Des Moines, Dickinson, 
Hancock, H e nry, Muscatine , Page, Polk, Scott, Story. 
venustus, Henry, Louisa, Page , S to ry . 
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FATHEAD MINNOW, PIMEPHALES PROMELAS RAFINESQUE, IN TH:E 
DES MOINES RIVER, BOONE COUNTY, IOWA, AND THE SKUNK RIVE I 
DRAINAGE, HAMILTON AND STORY COUNTIES, IOWA 1 
Dale R. Carlson2 
A BS TRACT. F a t h e a d m i n n o w s w e r e c o 11 e c t e d i n t h e 1 a t t e 
half of June and in July from 3 locations in the De 
Moines River, Boone County, Iowa, in 1965 and fror 
21 locations in the Skunk River drainage in Hamilto 
and Story counties in 1966. Indications are that pea 
spawning takes place during the middle and latter par 
of July or later. Most larger fathead minnows ar 
males. The sex ratio_ is essentially 1:1, Annulus for 
mation took place during the middle and latter part o 
July. A higher percentage of fathead minnows wer 
classified as Age II than reported for pond and lak 
populations. A single length-weight formula could no 
be used since the length-weight relationship change 
during the summer. 
INTRODUCTION 
Life history studies of the fathead minnow, Pimephales p romelas 
have been conducted under rearing conditions (Markus 1934) and lak 
conditions (Isaak 1961), The present study presents some life histor 
data of river and stream populations of fathead minnows. 
The fathead minnow occurs from southern Canada east of the Rock 
Mountains to Maine and southward to the Susquehanna River and the Gu] 
States. It has been introduced west of the Rocky Mountains (Eddy 1957) 
In Iowa the fathead minnow is widespread in ponds, lakes, streams an 
rivers. The fathead minnow prefers shallow and rather calm water an 
is rare to absent in the flowing waters of the larger rivers (Harlan an, 
Speaker 1956). It is tolerant to a wide range of turbidity. 
1 Journal Paper No. J-5505 of the Iowa Agricultural and Home Economic 
Experiment Station, Ames, Iowa. Project No0 • 1373 of the Iowa Coopera 
tive Fishery Unit, sponsored by the Iowa State Conservation Commission 
Iowa State University of Science and Technology and the Bureau of Spor 
Fisheries and Wildlife, U.S. Fish and 1ijildlife Serivce. This resyarcl 
was sponsored by a Research Participation Program for High School an, 
College Teachers through a grant from the National Science Foundation~ 
2 Biology Department, Worthington State Junior College, Worthington 
Minnesota. The author expresses his gratitude and appreciation to Dr 
Kenneth D. Carlander and Dr. Roger W. Bachmann for assistance an, 
guidance. 
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MATERIALS A D METHODS 
Fathead minnows were collected in the latter half of June and in July 
om 3 locations in the Des Moines River, Boone County, Iowa, in 1965 
d from 21 locations in the Skunk River drainage in Hamilton and Story 
unti es in 1966. A few collections were made from the Des Moines 
ver in 1966. 
A 15-foot common sense minnow seine with 1/ 4-inch mesh was used 
collect specimens in 1965. The relatively large mesh may have per-
itted smaller minnows to escape . During the 1 966 sampling, a piece 
1/ 8 -inch mesh netting was attached to the central portion of the seine . 
C aptured specimens were usually preserved in a 10% solution of for -
3.lin upon removal from the seine and were weighed and measured the 
Llowing day. A triple- beam balance was used to dete rmine weight to 
~ nearest . 01 gm. In 1 956 , standard , fork , and total l e n gths of 436 
ecimens were measured to the nearest millimeter . It was found that 
_, == • 92 TL and SL == • 7 5 TL. Only total length was determined for the 
66 specimens. Unless otherwise stated, all calculations presented 
rein represent total lengths. 
One group of 31 live specimens was brought into the laborator y for 
~ weighing and measuring. They were then preserved in 10% formalin 
d again we i ghed and measured the following day. A we ight incr ease 
eraging 13% and a l ength decrease of 2. 2% were found . The data pre -
nted h e rein constitut e preserved weights and lengths. 
Ten to 20 scales from each specimen were removed midway between 
~ lateral line and the posterior margin of the dorsal fln, placed be-
een a piece of folded paper and stored in a scale envelope . Scales 
:re placed between two slides for examination w ith a standard scale 
ojector. Many scales have irregularities and abnormalities similar to 
:>se de~cribed by Nobl e (1964); however, the author believes fathead 
innow scales can be used w ith reasonable accuracy for aging and back 
lculation of growth. 
S ex was r ecorded for all specimens and the general condition of the 
aries noted as not ripe, gravid , or spent (or almost so) . Ripe males 
uld be readily distinguished by the presence of nuptial tubercles and a 
rsal pad (Wynne -Edw ards 1932). All others were sexed by slitting the 
lly and examining the gonads under a dissection microscope . 
REPRODUCTIO 
The ratio of males to females was essentially 1:1 (Table 1). Isaak 
161) found the population of fath ead minnows in a shallow l ake a bout 
ually di:;tributed in 1959 but males were predominant in 1960. The 
1.allest~males showing we ll-deve loped spawning pads on the nape were 
mm long, and the smallest spent females were 40 mm (Table 1). 
The mabority of lar ger fathead minnows were male. Total l ength of 
r gest male was 74 mm. The largest female had a tota l length of 66 mm. 
>bie ~ ~ . (1956, p. 78) note that "males are larger than the females and 
ach a m~ximum l ength of 3. 5 inches" (89 mm). Lag ler, Bardach and 
tller (1962) state that most North American minnow species have la rger 
nales th:an males but the hornyhead chub (Hybopis biguttata) and the 
:head minnows (Pimephalinae) are listed as exceptions . 
FATHEAD MINNOW 3{ 
Fathead minnows are inte rmittent spawners and may spawn from M2 
on into the middle of August (Lord 1927; Markus 1934; Starrett 1.94: 
Isaak 1961 ). Markus ( 1934) and Isaak ( 1961) indicated a water temper2 
ture around 64° F is necessary for the onset of spawning. There are ir 
di cations in the work of Markus ( 1 934) and Isaak ( 1961) that peak spawr 
ing activity occurs in June and the first part of July. 
Late July was the period of greatest spawning in the D e s Moines Rive 
and the Skunk River drainage (Table 2), Spawning wa s probably not ve r 
successful in the D es Moines River, Although some of the mal es <leve l 
oped nuptial tubercles, r ugose pads, which indicate care of eggs, wer 
absent or poorly developed compared to those in Skunk River. 
Isaak (1961) reported egg counts of 636 to 1,33 8 per female for 1 
fathead minnows ranging from 41 mm to 51 mm total l ength , collecte 
May 27, 1960, 
Total egg counts on four fathead minnows collected from the Skun 
River July 5 , 1966 were as follows: 47 mm, 802; 52 mm, 2 , 328; 54 mrr 
2,622; and 55 mm , 1, 800 . About one-third of the eggs were ripe. 
LENGTH-WEIGHT RELATIONSHIP 
Average we i ghts at equi valent lengths were usually higher during th 
last half of July than earlier in the season in the D es Moines River i 
1965 (Table 3). In the Skunk River drainage in 1966 mean weights wer 
usually higher in the last half of June (Table 4) . It is possible that thi 
difference may indicate that the Skunk River loss of weight during th 
period was because of spawning and that the Des Moines River populatio 
was not spawning. No consistent differences we re not ed between th 
mean weights of mal es and of females at the same lengths. The Skun: 
River fish averaged heavier at equival ent lengths than those from th, 
D es Moines River. 
Since the length-weight relationships differed through the season, n , 
general equation would be exactly descriptive . The following formula , 
were computed for c ertain groups: 
July 16-30, 196 5 , males only -
l og W = -2. 9257 + 3. 0064 (log L) 
July 16-30, 1965 , females only -
log W = - 4 , 1764 + 3. 1407 (log L) 
July 16-30, 196 5 , males and females combined -
log W = - 4 . 334 + 3 . 238 (log L) 
July 16-30, 1966, males and females combined -
log W =-4,2717 + 3,2187 (log L) 
The goodness of fit of these formulas may be judged from the computec 
weights in Tables 3 and 4 w hich can be compared with the observec 
weights. In general, the wei ght increases at more than the cube of th~ 
l e ngth; thus, the longer individuals tend to be heavier for their lengths 
that is, the condition of the fathead minnows improved with length, 
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Table 2. Percentages of male and female fathead minnows showing various signs of maturity at 
three periods in the summer 
Number Per cent showing 
of males secondary sexual Number of females Per cent Per cent 
over 48 mm characteristics over 40 mm gravid spent 
1965 
June 15-30 46 30 56 59 13 
July l -15 85 26 126 33 35 
July 16-30 41 44 50 58 38 
1966 
June 15-30 52 37 94 29 4 
July l -15 28 29 57 28 7 
July 16 -30 30 47 36 22 56 
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Table 3. Mean weights in grams at various lengths of fathead minnows collected June 15-July 30, 1965, 
in the Des Moines River, Boone County, Iowa, by 15-day intervals. Number of fish is shown 
in parentheses 
Males Females 
Total June July July Calculated Calculated June Julv July Calculated 
length 15-30 1-15 16-30 1a 2a 15-30 1-Jb 16-30 3a 
38-40 
. 65 ( l ) . 72 .66 .68 (1) .66 
41-43 .67(1) .80(1) 
. 82( 7) 
44-46 1.02(5) 1.06(8) 1.11(3) 1.11 1.05 1.14(8) 1.03(22) 1.12(4) l.04 
47-49 l. 28( 15) l.23(17) 1. 38( 5) 1.34 1. 29 1.28(25) 1.24(50) l. 33( 18) 1.27 
50-52 1.44(12) 1.54(23~ 1.62~12~ l. 61 1. 57 l . 42 ~ 17) l . 48( 30) l.54(22) l.54 53-55 1.72(10) 1.76(32 l. 94 17 1.92 1.89 .l. 6 9 5) 1. 7 4 ( 9) 1.91 ( 4) l.84 
56-58 2.17(6) 2.19(10) 2.10(4) 2.26 2.25 1.73(4) 2.25(2) 2 .1 8 
59-61 2 .40( 5) 2. 48( 7) 2.54(1) 2.63 2.65 2.16(3) 
62-64 2 .84( l) 2.93(3) 3.05 3. l 0 
65-67 2.66(1) 3.26(1) 2.75(1) 3.05(1) 
68-70 
71-73 4.24(1) 
a Weights calculated for central lengths (1) using fonnulae based on males, (2) based on males and 
females, and (3) based on females, collected July 16-30. 
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Table 4. Mean weights in grams· at various lengths of fathead minnows collected June 15-30. 1966, in 
the Skunk River drainage, Hamilton and Story Counties, Iowa, by 15-day intervals. Number of 
fish is shown in parentheses 
Ma les Fernales 
Total June July July 
Calculatel 
June July July 
Length 15-30 1-15 16-30 15-30 1-15 16-30 
29-31 .40 (1) .32( l) f-rJ 
32-34 .47(3) .44(2) ► 35-37 .60(9) .55(2) .58(4) .55 .68(6) .67( l) .54(4) 1-3 ::r: 38-40 .80(9) .81 ( 4) .69(9) . 71 .77(20) .73(3) .70(11) M 
► 41-43 . 97( 18) .94(4) .90(4) .90 .98( 19) l .01 ( 8) .87(6) tj 
44-46 1. 19(23) l. 13( 7) 1.09( 4) l. 12 l.24(16) l .21 ( 14) l .08(6) ~ 47-49 1.49(21) l. 43( 7) 1.32(5) l.38 l .53(24) l. 50 ( 16) l. 34( 3) H z 50-52 l.81(14) l. 69(8) l. 71( 8) l.68 1.66( 14) 1.75(9) l. 74( 7) z 
0 
53-55 2. 08( 7) 2.23(6) l. 86( 5) 2.02 2.79(2) 2.14(7) 2.06(7) ~ 
56-58 2.63(6) 2.44(5) 2.38(4) 2.40 2.69(4) 2.38(2) 2.46(3) 
59-61 3.03(5) 2.78(4) 2.99~7~ 2.83 2.86(2) 2.82(1) 62-64 4.01(4) 3.41(2) 3.34 l 3. 31 4.46(1) 
65-67 4. 22 ( l) 4.32(1) 3.84 3.54(1) 
68-70 
71-73 4.36(2) 5.09 
74-76 7. 61 ( l) 
aWeights calculated for central lengths using formula based on males and females collected July 16-30. 
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ANNULUS FORMATION 
Only if the time of annulus formation is known can an accurate age 
determination be made. Most fish lay down an annulus quite early in the 
spring as the water begins to become warmer. For example, the blunt-
nose minnow formed an annulus prior to April 27th (Van Cleave and 
Markus 1929), and the western blacknose dace formed annuli sometime 
between March and May (Noble 1964). It was noted that fathead minnows 
collected in June and the first part of July either lacked an annulus but 
had much scale growth or they had one annulus with .. much scale growth 
beyond this first annulus. A few showed some indication of annulus for-
mation at the very edge of the scale. A sizable portion of specimens 
collected during mid- and late- July showed definite annulus formation 
at the edge of the scale. Annulus formation was taking place during the 
middle and latter part of July and, undoubtedly, on into August. 
It may be significant that the time of annulus formation coincided with 
the peak of spawning activity. In as signing an age to fish where the an-
nulus had not formed, it was assumed the annulus would form shortly at 
the edge of the scale. This is in accord with Hile (1948) who suggested 
that fish be promoted from one age group to the next higher age group on 
January 1 in the Northern Hemisphere. 
AGE AND GROWTH 
Scale analysis indicated a broad degree of overlap in sizes of Age I 
and Age II fathead minnows, both in 1965 and 1966 (Fig. 1 ). The scarcity 
of specimens under 42 mm in 1965 is probably partly because of the use 
of the 1/4 inch mesh seine. It is also probable that there were fewer 
small fish in the Des Moines River than in the Skunk River. Suitable 
spawning conditions are probably rare in the Des Moines River. The 
poor development of rugose pads suggested little spawning in 1965. 
Probably the Des Moines River population is brought in from tributary 
streams or ponds during floods. The river would thus not have a regular 
supply of young fish. 
The abundance of Age II fathead minnows during both summers is in 
contrast to previous studies. Markus ( 1934) found in rearing ponds, most 
Age I fathead minnows die after spawning. He states that only 15-20% of 
the population reaches Age II. Isaak ( 1961) also found most Age I fathead 
minnows die upon completion of spawning in a shallow lake. In examining 
scales of dead fathead minnows, he found the majority were Age I and a 
few were Age II. Neither Markus nor Isaak found evidence of Age Class 
III. 
In the present study, most of the 1965 collection was Age II. The 1966 
collections from the Skunk River system contain 33. 4% Age II fathead 
minnows. One 65 mm fathead minnow captured in the Des Moines River 
in June, 1966 was classified as Age III. 
Peak spawning of fathead minnows occurs later (Table 2) in the Des 
Moines River and the Skunk River drainage than previously reported for 
pond or lake populations. It is possible that many fathead minnows 
spawned late in the summer do not reach reproductive size the following 
summer. 
(f) 
~ 
z 
z 
50 
~ 15 
a 
~ 10 
J: 
I-
~ 
LL 
FATHEAD MINNOW 
D = AGE I 
• = AGE II 
o 25 30 35 40 45 50 55 ED 65 70 75 
ffi 30 
CD 
~ 
::) 
z 
35 40 45 50 55 60 65 70 75 
TOTAL LENGTH (millimeters) 
371 
Figure 1. L ength-frequency histograms of 436 fathead minnows collecte 
in the D e s Moines River, Boone County, Iow a, June 15-July ~ 
1965, and of 449 fathead minnows collected in the S kunk Rive1 
drainage, Hamilton and Story counties, Iowa, June 15-July 31 
1966. 
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Average lengths of the fathead minnows in age g roup I and II show 
little evidence of increase from late June to late July (Table 5 ). P e rhaps 
the high and relatively unstable water levels during much of this period 
do not promote fathead minnow growth, The greater average size of Age 
I minnows from the Des Moines River compared to those from the Skunk 
River may be largely because of size selection of the seine . The failure 
of growth during this period is probably the reason for the late date of 
annulus formation. 
The length of the fish at the time the first annulus w as formed on each 
Age II minnow colle cted in late July w as computed ~ssuming that scale 
and body growth are directly proportional. For 8 0 minnows collecte d in 
1965, the average calculated length was 40 . 0 mm and for 37 collected in 
1966, it w as 42. 7 mm. These fi gures do not indicate that the minnows 
that do not spawn at Age I are much smaller than those that do and then 
die. It is assumed that the average lengths of the A ge I fish in the Des 
Moines 1965 collections are somew hat biased by the selective sampling. 
The males and females are about the same l e n gth at Ag e I although 
the males average larger than the females at A ge I and pr esumably die 
shortly thereafter. The sex ratios at A ge II suggest that there is no sex 
difference in longevity and that the percentag e of each se x maturi n g at 
Age I must be similar. 
CHANGES IN ABUNDANCE IN THE DES MOINES RIVER 
Starrett (1950) found the fathead minnow in 14% of his 1 946-7 D es 
Moines River collections, Harlan and Speaker (1956) report the fathead 
minnow is rare to absent in the flowing waters of the large r rivers. Dur-
ing the summer of 1965, fathead minnows were abu ndant in some habitats 
of the Des Moines River. During the summer of 1 966 , the Des Moines 
River was seined at the same stations as in 1965, and often under se e m-
ingly similar conditions, yet only 6 fathead minnows we r e captured. 
It has already been suggested that spawning is pr obably not very suc-
cessful in the Des Moines River and that the population probably comes 
largely from tributary streams or ponds during floods . During the spring 
and early summer of 1965, water levels we re unusually high which may 
have resulted in a transitory high population. 
FATHEAD MINNOW-BLUNTN OSE MINNOW RELATIONSHIP 
Trautman (1957) states the fathead minnow and bluntnose minnow, 
Pimephales notatus, are competitors, and the fathead occurs most abun-
dantly where the bluntnose is absent or few in number, This did not hold 
true for the Des Moines River collections of 1965, perhaps because of 
the transitory nature of the population. Bluntnose minnows were almost 
invariably collected at the same location as fathead minnows and some 
of the most productive stations yielded fathead minnows and bluntnose 
minnows in about equal proportions. 
Collections in the Skunk River drainage in 1966 proved to be just the 
reverse, in that if fathead minnows we re collected, f ew if any bluntnose 
minnows would be found. Fathead minnows in the Skunk River drainage 
were most abundant in the headwate rs of small creeks, They were 
usually found under conditions of a slow c u rrent, 611 to 2' of water, and 
Table 5. Mean total lengths by age groups and sex for three perinrls of early summer 
1965 1966 
Mean ean 
Number total length Number total length 
Age I June 15-30 Male 15 47.5 89 44.7 
Female 27 48.6 81 44.0 
July 1-15 Male 13 49. l 26 45.7 
Female 30 48.3 16 45.5 
July 16-30 Male 7 48.9 32 43.7 
Female 7 49.6 34 42.5 
Age II June 15-30 Male 41 53 .8 35 53.4 
Female 29 50.0 31 47.9 
July 1-15 Male 87 52.9 23 54.0 
Female 96 49.2 24 50.5 
July 16-30 Male 39 53.2 22 58.0 
Female 44 49.8 15 54.4 
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over a sand-silt bottom. Much floating and submerged algae was present 
at locations where fathead minnows we re particu larly abundant. Blunt-
nos e minnows were usually found in a slow-moderate current, 6 11 to 3 ' of 
w ater, and over a sand-gravel bottom. 
Starrett (1950,p.11 8 ) stated "the abundance of the fathead minnow in 
most of the streams is then p as si bly restricted by its limited tolerance 
to other species." Competition may be a factor in the reduced populati on 
of fathead minnows in the D es Moines River in 1966. 
During the summer of 1966, an aquarium containing both fathead min-
nows and bluntnose minnows was maintained for se~eral weeks. When a 
male fathead minnow wa s guar ding a nesting s i te., he would chase away 
other minnows, including the bluntnose minnows and other fathead min-
nows. Other than this, aggressive or competitive hebavior between the 
two species was not detected. 
LITERAT URE CITED 
Dobie, John, O. Lloyd Meehean, S. F. Snieszko and George N. Washburn. 
1956. Raising bait fishes. Fish and Wildl. S e r v. USDI Cir. 35:1-124. 
Eddy, Samuel. 1957. How to Know the Freshwater Fishes. Dubuque, 
Iowa. Wm. C, Brown Co, 
Harlan, James R. and Everett B. Speake r. 1 956 . Iowa fish and fishing. 
Des Moines, Iowa. Iow a Cons ervation C ommission. 
Hile, Ralph. 1948. Standardization of methods of expres sing lengths and 
w eights of fish. Trans. Amer. Fish. Soc. 75(19 45 ):157-164. 
Isaak, Daniel. 1961. The ecological life history of the fathead minnow, 
Pimephales promelas (Rafinesque ). Unp ubl. Ph.D. Thesis. Library, 
University of Minnesota. 
Lagler, Karl F., John E. Bardach and R obe rt R. Miller. 1962. 
Ichthyology. New York, N. Y. John Wiley and Sons, Inc. 
Lord, Russell F. Jr. 1927. Notes on the u s e of the blackhead minnow, 
Pimephales promelas, as a forage fish. Trans. Amer. Fish. Soc, 
57 :92-99. 
Markus, Henry C. 1934. Life histor y of the blackhead minnow 
(Pimephales promelas). Copeia 1934(3):116-122. 
Noble, Richard L. 1964. Life history and ecology of we stern blacknose 
dace, Rhinichthys atratulus m e leagris (Agassiz), Boone County, Iowa. 
Unpubl. M. S. Thesis. Library, Iowa State University. Ames. 
Starrett, William C. 1950. Distribution of the fishes of Boone County, 
Iowa, with special reference to the minnow s and darters. Amer. 
Midland Naturalist 43:112-127. 
Trautman, Milton B, 1957. The fishes of Ohio. Columbus, Ohio. The 
Ohio State University Press. 
Van Cleave, Harley J. and Henry C. Markus. 192 9. Studies on the life 
history of the blunt-nosed minnow. Amer. Naturalist 63:530-539. 
Wynne-Edwards, V. C. 1932. The breeding habits of the black-headed 
minnow {Pimephales promelas Raf.). Trans. Amer. Fish. Soc. 62: 
382-383. 
IOWA STATE JO U RNAL OF SCIENCE 
Vol. 41, No . 3 F e bruary 1967 pp. 37 5-383 
EFFECTS OF CLIPPING MANAGEMENT ON FORAGE YIELD AND 
LEAF STREAK REACTION OF FIVE ORCHARDGRASS VARIETIES 
GROW N ALONE AND WITH ALFALFA 1 
Irving T. Carls on2 
D e partment of Agronomy 
Io wa State University 
of Scie nce and Technology 
Ames, Iowa 
A BS TRACT, T w o e a r 1 y - a n d t h r e e 1 a t e -m a t u r i n g v a r i e t i e s 
of o r ch a r d g r a s s ( D a c t y 1 i s g 1 om e r at a L. ) w e r e c om pa r e d 
under hay and simulat e d rotational grazing manage-
ments. Varieties we r e cut simultaneously and by ma-
turity class under g razin g management. Each clipping 
management w as imposed on th e v arieti es grown alone 
and in alternat e rows w ith alfalfa . Two rates of nitro-
gen application were made to th e v arieties g rown alone. 
Cutting all varieties on th e same day under rotational 
grazing managem e nt underestimated the annual yield oi 
two late-maturin g v arieties, Aurora and S37. Under 
this managem e nt, these t w o v ari eties yielded signifi-
cantly more forage whe n they were harvested on the 
basis of maturity. R e lative annual yields of varieties 
were similar at the t wo rates of applied nitrogen. 
Th e average yield w as increased 57 % by the high rate 
of nitrogen compar ed w ith the lo w rate. In 1 4 o f 15 
comparisons of mean annual yield, the a lf al f a -g rass 
mixture outyielded the grass alone fertiliz ed at high 
nitrogen. A si g nificantly higher average yield w as 
obtained under ha y management than under grazing 
management at the high nitro ge n level and in th e al-
falfa-grass mixtures. Leaf streak ratings indicated 
that this diseas e is less of a problem under rotational 
grazing managem e nt than under hay management. The 
incidence of leaf streak on orcha r dgrass was generally 
lower in mixtures than in pure stands. Latar had the 
least amount of leaf streak of the fiv e v arieties. 
Orchardgrass is subjecte d to a w ide range of conditions in practice. 
Although it is best suited for pasture, it is used also for hay and silage. 
It is usually us e d in a mixture with a legume but is sometimes grown 
1 Journal Paper No, J-5 446 of the Iowa Agricultural and Home Economics 
Experiment Station, Ame s, Iowa. Project No . 1333. 
2 Associate Professor of Agronomy. 
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alone. In the evaluation of varieties or breeder's lines, it is usually 
impossible to simulate all the ways the grass is used in practice. There-
fore, a knowledge of the effects of different cultural practices and har ves t 
managements on the relative performance of varieties is very helpful. 
Yield and quality of forage, distribution of yield, persistence, com-
patibility with legumes, and resistance to disease are some characteris-
tics that must be considered in the evaluation of orchardgras s varieties. 
Yield is usually measur e d by clipping plots periodically. Clipping 
management is a variable that may affect the results obtained. Since 
orchardgrass varieties vary in maturity, one of the main c ons iderations 
with regard to clipping management is w hether to cut all varietie s at the 
same time or at the same stage of development. Aus tens on ( 1) found that 
cutting three contrasting varieties on the same day underestimated the 
first-cutting yield of the latest-maturing variety. Relative annual yields 
of the three varieties were similar w hether the first cutting w as taken on 
the same day or at the full-bloom stage. In perennial ryegrass, Green 
and Eyles (4) and Chestnutt (2) found that yields were biased in favor of 
early varieties when all varieties were cut at the same time rather than 
at the same stage of development. 
The primary purpose of the research reported herein was to compare 
the relative forage yields of five orchardgrass varieties under three 
clipping managements at each of three nitrogen fertiliz ation-planting 
method combinations. Two of the clipping managements compared cutting 
varieties at the same time with cutting them by maturity class. Data 
on reaction to leaf streak (Scolecotrichum graminis Fckl.) are also pre-
sented. 
MATERIALS AND METHODS 
Five varieties (Sterling, Potomac, Latar, Aurora, and S37) were 
planted on April 10, 1959, on the Agronomy Farm near Ames, Iowa. The 
soil types in the experimental area were Nicollet loam and Webster silty 
clay loam. 
A split-split-plot design was used. Whole plots were three nitrogen 
fertilization-planting method combinations. For one combination, grass 
varieties were grown in alternate 9-inch rows with alfalfa. No nitrogen 
was applied. For the other two combinations, grass varieties were grown 
alone in 9-inch rows, and low and high rates of nitrogen were applied. 
l,ow rate was 50 lbs /acre in 1960 and 1961 and 80 lbs in 1962. High rate 
was 150 lbs/ acre in 1960 and 1961 and 240 lbs in 1962. Nitrogen treat-
nents were applied in a single application in early spring. Four repli- · 
:atiol!_~ of a randomized block design were used f9r the whole plots. 
Subplots were the following clipping managements that simulated 
either rotational grazing or cutting for hay: 
(A) Rotational grazing: first cutting at early heading of the early 
maturity class, subsequent cuttings at intervals of 4-5 weeks. 
(B) Rotational grazing: first cutting at early heading of each maturity 
class, subsequent cuttings at intervals of 4-5 weeks. 
(C) Hay: first cutting on the bloom date of each maturity class, 
subsequent cuttings at intervals of 6-8 weeks. 
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Under A and B, three cuttings were taken in 1960 and four in 1961 and 
1962; under C, two cuttings were taken in 1960 and three in 1961 and 1962. 
The five varieties were grouped into two maturity classes for har-
vesting according to stage of development (Managements B and C). Ster-
ling and Potomac were in the early group, and Latar, Aurora, and S37 
in the late group. There was some variation in maturity among varieties 
within each maturity class; Potomac was usually a few days earlier than 
Sterling, and Aurora was slightly later than Latar and S37. Except at 
the last cutting each year, the late varieties were cut approximately 2 
weeks after the early varieties under Management B and 6 days after the 
early varieties under Management C. All varieties were cut at the same 
time at the last cutting. 
Sub-subplots, which were the five varieties, were 9 feet long and con-
sisted of 5 rows 9 inches apart. A 34 by 74~inch section was harvested 
from the center of each plot for measuring forage yield. For plots in 
which grass was grown in alternate rows with alfalfa, this section con-
sisted mainly of two rows of grass and one row of alfalfa. The 
1
green 
weight of forage harvested from each plot was converted to tons of dry 
matter per acre by using the average dry m a tter percentage of repre-
sentative samples. 
Analyses of variance were computed on the yield data from each cut-
ting in each year, on the data combined over cuttings in each year, and 
on yields totaled over years. Unless indicated ·otherwise, conclusions 
are based on the analysis of variance of the yields totaled over years. 
Mean differences were tested for significance by either Duncan's multiple 
range test ( 3) or the least significant difference test (LSD). 
RESULTS 
Excellent stands were obtained for all va r ieties . Although consider-
able winter injury was evident in plots of S37 in the spring of 1961 and in 
some plots of all varieties in the s p ring of 1962, the orchardgras s sub-
sequently recovered to make ne a rly full stands . The winter injury did 
reduce first-cutting and total yields of injured plots. 
The forage yield averaged over varieties, clipping managements, and 
years was 57% higher at the high level of nitrogen fertilization than at 
the low level (Table 1 ). In 14 of 15 comparisons of 1960-62 mean yield , 
alfalfa-grass yielded more than the grass alone at high nitrogen (Table 2 ). 
A significantly higher yield was obtained under hay management (c; 
than under simulated rotational grazing management (A and B) at the high 
nitrogen level and in the alfalfa - grass mixtures (Table 1). 
The relative yields of the varieties varied with the clipping manage-
ment and the nitrogen fertilization-planting method combination (Tables 
2-4). Since the variety x nitrogen fertilization-planting method inter-
action was not significant in a separate analysis of variance of the data 
from the grass-alone plots, its significance in the analysis over all plots 
can be attributed to differential yields of alfalfa-grass mixtures com-
pared with yields of orchardgrass varieties grown alone. As an example 
0% these differential yields, Sterling yielded significantly more than 
Potomac in pure stand, but significantly less in combination with alfalfa 
(Tables 3, 4). Differences among varieties in the alfalfa-grass mixtures 
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Table 1. Annual yield of dry matter in tons per acre from five 
orchardgrass varieties subjected to three clipping 
managements at each of three nitrogen fertilization-
planting method combinations, 1960-62 means over varieties. 
Clipping Grown Grown alone with a/ 
management Low N High N alfalfa- Average 
A .99 1.65 1.93 1.53 
B 1.23 1. 76 1.96 1.65 
C 1.22 2.00 2.53 1.91 
Average 1.15 1.80 2.14 
LSD (.05) for clipping management averages .12 
LSD (.05) for clipping management means at the same 
nitrogen fertilization-planting method combination .20 
LSD (.05) for nitrogen fertilization-planting method averages .44 
f!/ Total yield of the mixture 
are difficult to interpret because botanical composition was not deter-
mined. 
The variety x clipping management interaction was significant in the 
analysis of variance of the data from all plots and in the analysis of the 
data from just the grass-alone plots, This interaction was due mainly 
to differential yields under Management B compared with the other two 
managements. The results in Table 4 show that (when grown alone and 
managed to simulate rotational grazing) the two late-maturing varieties, 
Aurora and S37, yielded significantly more when they were cut on the 
basis of maturity (Management B) than when they were cut on the same 
day as the early varieties (Management A). Thus, Management A under-
estimated the annual yield of these two varieties. 
The variety x clipping management interaction was highly significant 
in analyses of first and second cuttings. The nature of the differential 
yields of varieties under Managements A and B at the high nitrogen level 
is illustrated in Figure 1. At the first cutting, Latar and Aurora yielded 
less than Sterling under A, but more under B. These yield relationships 
were reversed at the second cutting. Under B, the yield advantage of 
Latar and Aurora over Sterling at the first cutting was balanced by an 
equal disadvantage at the second cutting. Under A, however, the yield 
advantage of Latar and Aurora at the second cutting was not enough to 
compensate for their disadvantage at the first cutting. These first- and 
second-cutting yield relationships help account for the differential annual 
yield of varieties under Managements A and B. 
Table 2. Mean annual yield of dry matter in tons per acre of five orchardgrass varieties subjected to three 
clipping managements at each of three nitrogen fertilization-planting method combinations, 1960-62. M 
fTj 
Grown alone 
fTj 
Grown M 
Low nitrogen High nitrogen with alfalfa!!/ (") 
Al/ 1-1 Variety B C A B C A B C Average (/) 
0 
fTj 
* () Sterling 1.21a 1.27a 1.40a 1.86a 1.81a 2.22a 2.02a 1.65c 2.44b 1.76a ~ 
Potomac 1.03ab 1.25a 1. 28ab 1.64ab 1. 73a 2.06ab 2.0Sa 1.82bc 2.82a 1. 74ab N 
H 
z 
Latar 1.04ab 1.13a 1.00b 1.67ab 1. 71a 1.94ab 1. 77a 2.03ab 2.52b 1.64c () 
0 
Aurora .77b 1.25a 1.21ab 1.6Sab 1.89a 1.85b 1.97a 2.25a 2.46b 1. 70abc z 
fTj 
S37 .91ab 1.28a 1.2lab 1.44b 1.68a 1.91b 1.85a 2.0Sab 2.39b 1.64c 0 ::,:, 
► () 
c.v. • 11.5%. M 
!!_I Total yield of the mixture ~ H 
'!2_/ Clipping management M t""' 
* Any two means followed by the same letter within a column are not significantly different t::::J 
at the 5% level. 
v,.) 
-1 
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Table 3. Annual yield of dry matter in tons per acre of 
five orchardgrass varieties at each of three 
nitrogen fertilization-planting method combina-
tions, 1960-62 means over clipping managements. 
Grown 
Grown a lone with 
Variety Low N High N alfalfa~/ 
* Sterling 1.29a 1.96a 2.04b 
Potomac 1.19ab 1.81ab 2.23a 
Latar 1.05b 1. 77b 2.llab 
Aurora 1.08b 1. 79b 2.23a 
S37 1.13ab 1.68b 2.lOab 
!!I Total yield of the mixture 
* Any two means followed by the same letter within a 
column are not significantly different at the 5% level. 
Table 4. Annual yield of dry matter in tons per acre of 
five orchardgrass varieties grown alone and 
subjected to three clipping managements, 1960-
62 means over fertility levels. 
Cli:e:eing Management 
Variety A B C Average 
* Sterling 1.54a 1.54a 1.81a 1.63a 
Potomac 1.34b 1.49a 1.67ab 1.50b 
Latar 1.35b 1.42a 1.47c 1.41b 
Aurora 1. 21b 1.57a 1. 53bc 1.44b 
S37 1.18b 1.48a 1.56bc 1.41b 
LSD (.05) for clipping management means .19 
of the same variety 
* Any two means followed by the same letter within a 
column are not significantly different at the 5% level. 
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Figure 1. Effects of two clipping managements on the relative first- and 
second-cutting forage yields of five orchardgrass varieties 
fertilized with a high rate of nitrogen, 1960-62 means. 
Leaf streak ratings taken on July 24, 1962, are summarized in Table 
5. There was usually less leaf streak on the orchardgrass grown with 
alfalfa than in the pure grass stands. The most leaf streak occurred 
where the forage had accumulated for the longest time. This accounts 
for the higher ratings under Management C where forage had accumulated 
2 to 4 weeks longer than under Managements A and B. There was less 
leaf streak on Latar, Aurora, and S37 at the high nitrogen level than at 
the low level. Of the five varieties , Latar had the lowest average leaf 
streak rating. 
DISCUSSION 
Since yields of late-maturing varieties may be underestimated when 
all varieties are cut simultaneously, varieties or breeder's lines differ-
ing in maturity should be cut at the same stage of development when 
measuring annual yield uncle r simulated rotational grazing management. 
This is in agreement with the conclusions reached by Green and Eyles ( 4) 
and Chestnutt (2) for per ennial ryegrass varie ties. 
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Table 5. Mean leaf streak rating.!!' on July 24, 1962 of five orchardgrass varieties 
subjected to three clipping managements at each of three nitrogen fertili-
zation-planting method combinations. 
Grown alone Grown 
Low nitrogen High nitrogen with alfalfa 
Variety A B C A B C A B C Average 
Sterling 4.0 4.2 7.2 4.2 4.2 8. 8 2.8 3.2 4.8 4.8 
Potomac 4 . 8 3.8 7.0 4.0 4.2 7.8 2.8 2,2 5 . 0 4,6 
Latar 2.8 1.8 4.2 1.5 1.0 3.5 1.5 1.0 1.5 2.1 
Aurora 3.2 2.2 4.2 2.0 1.0 3.5 1.5 1.5 1.8 2.3 
S37 3.8 2.2 5.8 3.0 1.0 5.2 2,0 1.8 2.5 3,0 
f!/ Rated from 1 to 9; 1 • very little disease , 9 • heavily diseased 
( Scolecotrichum graminis) 
0arvesting varieties on the basis of stage of development appears to 
l ess important in measuring annual y i eld under hay manag e m e nt than 
1der simulated rotational grazing management. When varieties were 
1t by maturity class under hay management, the relative annual yields 
om pure stands of Sterling, Potomac, and Latar we re similar to those 
>tai ned from other t e sts in which all var i et i es were cut on the same day 
the hay stage ( Carlson, unpublished). Aus tens on ( 1) obtaine d similar 
!sults w ith Potomac, S 143, and Latar. 
If information on relative growth rates in th e sprin g is desired, all 
Lrieties must be cut simultaneously. Thus, cutting the five varieties 
t the same day in mid-to-late May showed that the early varieties were 
ore productive than the l ate varieties at that time. This indicates that 
e ea rly-maturing va ri eties would be superior from the standpoint of 
:oviding early spring pasture . In a mixture with birdsfoot trefoil, how-
re r, a late variety may be more desirable than an early one because of 
ss competition with the l egume early in the season. A better balance of 
:ass and le gume may b e maintained by using a late-maturing orchard-
·ass variety. In 5-year-old stands, Parsons and Davis (5) found a 
·eat e r density of trefoil in a mixture with a late-maturing variety (S37) 
an with early-maturing common orchardgrass. The difference was 
nall, and stands were not s e riously affecte d. 
In a greement with the results of W e iss and Mukerji (8), there was no 
teraction between varieties and nitroge n levels in total forage yield. 
Sterling, the hi ghe st yielding variety in pure stand, may have been 
o r e competitive w ith alfalfa than Potomac. When averaged over man-
;ements , mixtures containing Potomac yielded significantly more than 
ose containing Sterling. Differences between orchardgrass varieties 
competitiveness with alfalfa have been reported by Patterson and Law 
) and Van Keuren (7 ). Additional work is needed to explain the differ-
ttial yields found in this experiment. A differential respons e of the 
Lri eties themselves to planting methods may_ha_v:_e_been involved. 
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VIRUS EFFECT O N UNION AND GROWTH OF PEACH SCIONS O N 
PRUNUS BESSE YI AND J:. TOMENTOSA UNDERST OCKS 1 
G . N . Agrios2 and W. F. Buchholtz 3 
SUMMARY. E qua 1 numbers of necrotic rin g spot vi r u 
infected and noninfected seedlings of peach, Prunu 
besseyi and _E. tomentosa were budded with NRSV £re 
or NRSV infected Elberta p e ach buds on July 28, Augus 
18 and September 8 , 1959. Bud take and stands of b'ud 
lings and trees during th e spring and summer of 196 
were best where NRSV was absent in both scions an 
stocks. Budding in S eptember resulted in poor stand 
o n a 11 t h r e e u n d e r s_ t o c k s . B u d t a k e p e r c e n t a g e w a 
higher on J:. besseyi than on J:. tomentosa stocks, bu 
there were more trees showing scion-stock incompati 
bility symptoms on J:. besseyi. 
A second similar experiment involved_E. besseyi an , 
J:. tomentosa understocks budded on August 3, 1960 
NRSV free scions on NRSV free stocks resulted in bet 
t e r b u d t a k e a n d s u b s e q u e n t s t a n d s of b u d 1 i n g s a n d t r e e 
than occurred with NRSV inoculated into scion and / o 
stock . Again, there we re better stands of trees on J: 
besseyi than on J:· tomentosa, but more trees with in · 
compatibility symptoms on J:. besseyi. In the secon, 
experiment, trees from NRSV free scions on NRSV £re, 
stocks grew tallest and largest in caliper. Trees wer, 
larger on NRSV free than on NRSV infected stocks. Sue! 
size relationships were not consistently evident in th, 
first (1959-60) experiment. 
INTRODUCTION 
A malady of peach scions on the dwarfing understocks, Prunus bessey 
and J:. tomentosa, was described by Buchholtz and Agrios (2). TherE 
was development of virus -like symptoms, which seemed to be associate< 
with poor graft unions and not due to X-virus. Since, however, the pres· 
ence of certain viruses in either the scion or the understock or both ha: 
been shown (3, 4, 5, 9, 10) to interfere with bud take and to limit growth o 
1 Journal Paper No. J-5415 of the Iowa Agricultural and Home Economici 
Expe riment Station, Project No. 1557. Based on a portion of the Ph. D 
thesis by the senior author, Iowa State University Library, Ames, Iowa 
2 Assistant Professor of Plant Pathology, Department of Entomology anc 
Plant Pathology, University of Massachus etts, Amherst, Massachusetts 
3 Professor of Plant Pathology,. Iowa State University, Ames, Iowa. 
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:ion on a compatible understock, it seemed d esirable to ascertain the 
feet of a virus in a not fully compatible combination, as s eems to be 
e case w ith peach scions on 1:· tomentosa and 1:• bes seyi stocks. Be tter 
Ldding results with ear l y than w ith late budding have been reported ( 1) 
Ld ar e recognized by nursery management. Thus there w as opportunity 
attempt evaluation of three facto rs and thei r interactions on bud take 
Ld subs equent tree development: 1) virus content of scion and / or stock, 
date of budding , both with 3) compatible and relatively incompatible 
:ion-stock combinations. 
LITERATURE REVIEW 
Cochran et al. (3) reported that the degree of success of union between 
:ion and stock is influenced by presence of a virus or combination of 
ruses in the stock or scion or in both, The indexing of stone fruits 
L Shirofugen for n ec rotic ring spot virus (9 , 10) is based on the reaction 
·sulting w hen a virus infected bud is placed on a v iru s free Shirofugen 
ant. In nurs ery propagation the percentage bud take often is poor when 
ids are infe cted w ith virus (5). E ven when bud take is successful, 
·owth of budlings may b e subnormal. Costa ~t ~- ( 4) found that severe 
· mild strains of triste z a virus killed or impair ed growth of all varieties 
1 nontolerant sour orange rootstock, but had little or no effect when the 
.me varieties were propagated on virus -to l e rant sweet orange stocks. 
1e stand of Montmorency nurs e ry trees was reduc e d as much as 50% 
ring spot virus in the scion wood (Milbrath, 8) , w hile buds collected 
random from Montmorency trees in the nurser y and budded into 1:• 
ahaleb seedlings produced 30% less g rowth than did buds taken from 
erotic ring spot virus fr ee Montmorency trees (Millikan, 11 ). This lag 
growth was appare nt in June but w as not evide nt later in the growing 
ason. Sax (12) d es cribed 1:• tomentosa as an excellent dwarfing stock 
r ornamental peache s and plums but states that only 10% of the seed-
1gs were compatible w ith Elbe rta peach. Holmes (7 ), however, reports 
at the "take" of peach buds on 1:· besseyi and 1:· tomentosa stocks 
.ried from 7 8 to 91%. Brase and w ay ( 1) r eport stands of 66 to 77% 
om peach buds on 1:· bes seyi and 64 to 86% on ;E, tomentosa, but caution 
;ainst budding on 1:· bes seyi seedlings carrying a latent virus which 
ay show in the peach budling and interfe re w ith normal growth • 
.;:periment I 
This first experiment in 1959-60 involved inserting necrotic ring spot 
rus (NRSV) infected or NRSV free peach buds on NRSV infected or NRSV 
ee understocks. Budding was on three understock species; 1) peach, 
persica, California Lovell seedlings, 2) ;E, besseyi seedlings, and 
;E. tomentosa seedlings, and at three dates; before (July 29), during 
.ugust 18), and after (September 8) "peach budding time" in the nursery. 
The peach seedlings were in a block made available by Mount Arbor 
irseries, Shenandoah, Iowa, on whose premises the experiment was 
cated. 1:• besseyi seedlings and 1:· tomentosa s eedlings were obtained 
om Plumfield Nurseries, Fremont, Nebraska. Source of necrotic ring 
,ot virus was in sour cherry variety "Fruitmorency" at Shenandoah 
,ake's) Nurseries, Shenandoah. Elberta peach buds were from nursery 
ock of one-year peach trees at Mount Arbor Nurseries. 
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On July 2, 1959, 1350 peach seedlings, 780 E• besseyi seedlings and 
900 E· tomentosa seedlings we re inoculated with NRSV. On July 28, 450 
peach, 260 E· besseyi and 300 E· tomentosa seedlings infected with NRSV 
we r e budded, half with buds taken from 30 Elberta peach trees that had 
been inoculated 4 weeks e arlier w ith NRSV, the other half with buds from 
30 uninoculated trees. Similar buddings of the same number of seedlings 
of the three rootstock species were done on August 18 and S e ptember 8 , 
1959. There was exact duplication of this procedure on noninoculated 
seedlings-1350 peach, 7 80 E· bes seyi, 900 E· tomentosa. By these 
procedures, respective fourths of the seedlings of ea ch of .the three un-
derstocks were budded as follows: One-fourth w ith NRSV infected sour 
cherry buds (first) and peach buds from NRSV inoculated trees; one-
fourth w ith NRSV infe ct ed cherry buds (first) and NRSV free peach buds; 
one-fourth with p e ach buds from N RSV inoculated peach trees only; one-
fourth w ith NRSV free peach bu ds only. 
Early in the spring of 19 60 , all seedlings were cut back above the in-
serted peach bud to force scion growth, and on May 10 all buds on the 
three under stocks we re examined for evidence of g rowth. A majority of 
the living buds had grown to a tender stem not more than 15-20 cm in 
length; some had g row n only a small leaf. All live, growing buds or 
shoots we re counted as having r e sulted from "bud take." On June 22 
were counted the budlings grown enough to be tied to metal rods in ex-
pectation of their growth into salable t rees, which in turn were counted 
on September 22. 
Virus effect on bud take and subsequent stands of budlings and trees 
It can be seen in Table 1 that the highest percentage (33. 1% ) bud take 
(growing buds) was with NRSV free buds inserted on NRSV free under-
stocks. The next highest (27. 8%) was w ith NRSV infected buds on NRSV 
infected stocks . With infected buds inserted on NRSV free stocks, bud 
tak€ was 23. 2%, while with NRSV free buds on infected stocks it was 
25. 93/0 • Significant differences between these percentages are ·indicated 
as follows: 33. l 27. 8 25. 9 23. 2. Thus it appears that in general, the 
budding of NRSV free buds on NRSV free understocks resulted in more 
growing buds than where either or both carried the virus. However, there 
is indication that bud take was some better when both buds and stocks 
were infected with NRSV than when either of the two alone carried the 
virus. 
On p e ach understocks the results were in conformity with the general 
pattern. High percentages of bud take were with NRSV free buds and 
virus-free stocks (51. 0) and with both components infected (44. 9). Low-
est perce ntage was with buds only infected ( 30. 9), while with understocks 
only infected the bud take was 42. 93/o. On Prunus besseyi and especially 
on E· tomentosa stocks, bud take percentages were low and somewhat 
erratic. On all understocks, however, bud take was relatively good when 
both stock and scion were NRSV free. 
On June 22 there was a greate r budling stand with both scions and 
stocks NRSV free (18. 8%) or with both infected (17. 2%) then with buds 
only ( 13. 93/o) or stocks only ( 13. 5% ) infected. Significant differences are 
as follows: 18.8 17.2 13.9 13.5. 
The final count on September 22 revealed that the relative number of 
Table 1. Percentages of seedlings of three understocks with peach scion buds growing, grown to budlings and to trees; l.;J 00 
scion buds and seedlings with(+) or without(-) necrotic ring spot virus; three budding dates in. 1959, and one 00 
(8 / 3) in 1960. 
NRSV in Peach stock P. besseyi P. tomentosa A 11 
scion Buds Bud- Buds Bud- Buds Bud- Buds Bud-
stock growing lings Trees growing lings Trees growing lings Trees growing lings Trees 
1959-60 experime nt, budding dates pooled 
5/10/60 6/22 9/22 
_.±._ 
+ 44. 9 29. 8 17. 4 27. 7 15. 8 15. l 5. 0 2. 5 2.0 27.8 17. 2 12. 3 
+ ► 30. 9 16. 3 15. 4 39. 8 22.5 21. 4 8. 6 5. 2 4. 8 23. 2 13. 9 12.2 Cl 
~ 
H 
+ 42.9 23.7 20. 5 27. l 12. 2 11. 5 10. 4 6. 0 5. 2 25. 9 13. 5 12. 0 0 C/l 
PJ 
51. 0 25.4 18. 4 29. 0 17. 8 16. 8 14. 8 11. 7 8 . 3 33. l 18. 8 14. 4 ::s 0,.. 
Budding . . . (scion) 1 d t:J:j virus combinations (stock) p oo e C: 
~ 0 
July 28 70,9 32. 6 25.3 42.4 22.6 22.2 12.0 9. 1 7. 8 40.7 21. l 18. 0 ~ 
Aug. 18 44.6 27.8 20.0 42. l 22.2 20. 2 16. 9 9. 7 8.4 33. 8 19. 7 16. 0 ~ 0 
S e pt. 8 18. 9 12.4 10. 6 2.5 l. 4 l. l 4.0 2.7 1.2 8. 8 5. 8 4. 5 t:-' 
r-3 
NRSV in Buds 1960-61 experiment Buds N 
scion a live - _!:. bess e yi _!:. tomentosa - alive 
stock 8/23/60 5/ 23 / 61 6/25 8/ 16 
....±_ 
+ 63. 5 16. 6 15.0 14. 6 13. 0 11. 4 10 •. 9 37.0 
....±_ 
65.6 17. 8 17. 4 17.4 12. 4 12,4 12. 4 41. 6 
+ 61.4 18. 6 18. 6 17.0 11. 4 11. 4 11. 4 35. 8 
72. 9 23. 6 18. 3 17. 9 14. 2 13. 7 13. 7 41. l 
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budlings grown into salable trees was inde pendent of the presence o 
absence of NRSV in the scion and/ or the stock. 
Time of budding effect 
Budding of peaches in southwest Iowa nurseries is done in Augus1 
sometimes started in late July or finished in early September. Th 
over-all percentages of bud take (Table 1) for the three dates of buddin 
in the e xperiment were: July 28, 40. 7% ; August 18, 33. 8%; September E 
8. 8% . July 28 versus August 18 budding was relatively more favorabl 
for peach (70. 93/o versus 44. 6%) than for _!:'. bes seyi or _!:'. tomentosa •. 
The over-all percentages of buds inserted that had grown to budlings b 
June 22 were: July 28 budding, 21. 1:; August 18, 19. 7%; September 8 
5. 8%, By September 22, trees grown from the three buddings were 
July 28 budding, 18. 0% ; August 18, 16. 0%; September 8, 4. 5%, 
Quite clearly, late budding resulted in very low percentages of bu 
take. However, once buds had started to grow, subsequent growth wa 
i ridependent of time of budding. Whether there was any interaction be 
tween effect of NRSV in the scion and/ or stock and effect of budding tim 
could not be determined from the data. 
Tree growth and incompatibility symptoms expression on P. besseyi 
and P. tomentosa 
Height and caliper measurements taken on July 19 and August 15, re 
spectively, reveal (Table 2, upper) that trees on peach understocks wer 
tallest and that trees on_!:'. besseyi stocks were considerably taller tha 
those on_!:'. tomentosa. Trees on_!:'. besseyi were smaller in caliper tha 
on_p. tomentosa or peach. Trees which had developed incompatibilit 
symptoms by August 15 were by far the most abundant on _!:'. besse\ 
stocks. 
Experiment II 
A second smaller experiment was done in 1960-61. It involved buddin 
NRSV infected or NRSV free peach buds on NRSV infected or NRSV £re 
seedlings of_!:'. besseyi and_!:'. tomentosa. There were altogether 100 
seedlings of _!:'. besseyi and 800 of _!:'. tomentosa. NRSV infection c 
seedlings was from inoculation prior to lining out in the nursery rov. 
NRSV infected peach buds were from the trees inoculated in 1959. Bud 
ding was on August 3, 1960. Counts and measurements were as followE 
buds living on August 23; buds growing (bud take) on May 23, 1961; bud 
lings on June 25; number of trees on August 16; height and caliper of a l 
trees and trees with incompatibility symptoms on September 14. Othe 
details of experiment II were the same as for experiment I. 
By all criteria, on both understocks, the combination NRSV free scio 
on NRSV free stock ranked well, especially in final height and caliper c 
trees (Table 2, lower). Presence of NRSV in under stocks of both specie 
resulted in somewhat less frequent bud take and in less height and calipe 
of trees. There are no consistent differences attributable to NRSV i 
both scion or stock in comparison to NRSV in scion only or in stock onl} 
Trees on_!:'. bes seyi under stocks were taller but rnore often (25-45% 
showed incompatibility symptoms than those on _!:'. tomentosa ( 10-24%: 
Trees with sy~ptoms were _§_mailer in he:i,gM ~I!_d cii_ll.:per tha!l trees with 
out syrnptorns. 
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Table 2. Height, caliper and symptoms 1 of peach trees on three understocks; scions and 
stocks with (+) or without (-) necrotic ring spot virus; experiments in 1959-60 
and l 960- 61. 
NRSV Peach P. besseyi P. tomentosa 
in Trees Trees Trees 
scion Height Caliper w ith Height Caliper with Height Caliper w ith 
stock symptoms symptoms symptoms 
(cm) (cm) (%) (cm) (cm) (%) (cm) (cm) ('.'lo ) 
1959-60 experiment 
7/ 19/ 61 8/ 15 8 / 15 
_±_ 
+ 82 . 4 1. 04 54. 2 0.70 49 53.5 1. 08 0 
_±_ 
76. 5 1. 10 0 69. 7 0.98 26 44.7 o. 94 5 
+ 8 6. 0 1. 27 1. 6 57 . 8 0.80 34 45 . 9 1. 03 
8 1. 1 1. 04 64. 8 o. 85 25 51. 7 1. 07 
1 960 - 61 experiment 
(counts and measurements 9/ 14/ 6 1) 
_±_ 
+ 8 1. 2 1. 11 25 66 . 0 1.0 10 
_±_ 
87 . 5 1. 25 30 81. 0 1. 12 24 
+ 75. 5 1. 08 45 62 .7 o. 92 20 
93 . 0 1. 28 32 91. 0 1. 33 11 
Trees without symptoms 87 .7 1. 25 79. 5 1. 16 
Trees with symptoms 76. 7 1.0 60 . 5 o. 86 
1 Virus-like incompatibility symptoms d es cribed i n (2) and referred to in t ext . 
CONCLUSIONS AND DISCUSSION 
In both experiments the combination, NRSV free scions on NRSV fre e 
stocks, resulte d in higher p er c entage s of take and growth of buds into 
trees than did combinations involving NRSV in e ither scion or stock or in 
both. Though in 1959-60 the r e may have been somewhat better bud take 
on p e ach with virus in both scion and stock than with virus in only one or 
the othe r, such w as not the case on E· bes se yi or E• tomentosa in e ither 
experiment . 
In 1961, height and caliper of NRSV free trees was considerably 
greater than that of trees with NRSV and least in trees with NRSV in 
understocks. There were n e crotic shock symptoms on first g r owth of 
inoculated seedlings in the spring of 1960 and their sub2equent g rowth 
during that s e ason w as noticeably, though not strikingly , stunted. Pres-
ence of absence of NRSV was not reflected in ultimate size of trees in 
the 1959-60 experiment. 
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These effe cts of NRSV-on bud take and on growth of trees-if demon-
strated, are in accord with those observed e lsewhere (3). However, they 
we re not of sufficient magnitude to be critical in peach tre e propagation, 
growth or expression of scion-stock incompatibility symptoms (2). The 
latte r, which provided major incentive for these experiments, occurred 
in trees on E• besseyi and E• tomentosa understocks, especially the 
former . In conformity with nursery experience and observations with 
these two dw arfing stocks for peach, bud take and subsequent stands of 
budling s and trees were bette r on_p. besseyi than on E• tomentosa, but 
p e rcenta ges of trees w ith virus-like symptoms were less on E· tomen-
tosa. These are r e latively poor understocks on which to propagate dwarf 
p ea ch trees . On both, late budding (Septe mber 8, 1959) resulted in near 
failure. 
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